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a crossroads. It is almost 20 years since Vaughan 

Williams and I suggested that selectively pro- 
longing cardiac repolarization represented a discrete 
antiarrhythmic mechanism—the so-called class III ac- 
tion. This idea stemmed from electrophysiologic studies 
involving the effects of sotalol in isolated cardiac muscle. 
Although the concept was intrinsically attractive, it did 
not have immediate clinical appeal. Indeed, it drew little 
attention until amiodarone, another compound that, in 
our studies, also appeared to act by prolonging repolari- 
zation, was found by Mauricio Rosenbaum in Argentina 
to be unusually effective in controlling recalcitrant ven- 
tricular and supraventricular tachyarrhythmias. A resur- 
gence of interest in sotalol as a class III antiarrhythmic 
compound is therefore logical and timely. It combines 68- 
blocking and class III actions with a side-effect profile 
that is more benign and predictable than that of amioda- 
rone. 

A review of the pharmacodynamics and pharmacoki- 
netics of sotalol and its emerging role in the control of a 
broad spectrum of cardiac arrhythmias was held during a 
half-day symposium on November 13, 1988, in Washing- 
ton, D.C., immediately preceding the Annual Scientific 
Meeting of the American Heart Association. The pro- 
gram, made possible by an educational grant from Bris- 
tol-Myers Company with the organizational assistance 
of Raven Health Care Communications, New York, 
brought together investigators of international reputation 
as participants. The peer-reviewed and edited version of 
the symposium proceedings, including discussions, is the 
basis of this supplement. 

A clear understanding of the theoretical basis and the 
experimental and the clinical validation of the concept of 
controlling cardiac arrhythmias by lengthening repolari- 
zation is essential background to the subject. This is pro- 
vided at the outset with a brief historical perspective and 
an emphasis on the salient features of the electrophysio- 
logic properties of sotalol. Antonaccio and Gomoll review 
both old and new data on the pharmacodynamics and 
pharmacokinetics of the drug; they indicate that the low- 


D rug therapy of cardiac arrhythmias is clearly at 
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er-than-expected propensity of sotalol to depress ventric- 
ular myocardium is a function of the drug’s action to 
prolong cardiac repolarization. Woosley et al present 
data dealing with concentration-response relations of so- 
talol. They raise the possibility that d-sotalol might lower 
heart rate directly as a consequence of its class III action, 
a controversial issue that needs to be resolved, possibly by 
the use of the so-called “pure” class III agents. Heart rate 
reduction by an antiarrhythmic agent is an important 
issue. Mahmarian et al confirm that, as in the case of 
experimental animals and isolated tissues, sotalol has 
much less of a myocardial depressant effect than do con- 
ventional 6 blockers. These findings are in accord with 
the known electrophysiologic and inotropic characteris- 
tics of class III agents in general. 

An important issue that has come into sharp focus 
since the symposium is whether the suppression of ven- 
tricular premature complexes (VPCs) might prolong sur- 
vival in subsets of patients at high risk for sudden death. 
The Cardiac Arrhythmia Suppression Trial (CAST) has 
since showed that, at least in the case of drugs that mark- 
edly delay conduction, the sudden death rate may be 
enhanced. From numerous §-blocking trials not designed 
to test the effect of arrhythmia suppression on mortality, 
it is well known that these agents do reduce sudden death 
in survivors of acute infarction. Therefore VPC suppres- 
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sion remains of interest in this context. Anderson presents 
data on the comparative efficacy of sotalol and certain 
class I agents, and Deedwania describes the relative ef- 
fects of conventional 8 blockers and sotalol on VPCs. 
Whether the differences that clinical trials of this kind 
might reveal are clinically significant remains to be deter- 
mined. l 

Perhaps the most striking and clinically meaningful 
difference clearly emerging between conventional 8 
blockers and sotalol is the efficacy of sotalol in symptom- 
atic sustained ventricular tachycardia or fibrillation and 
in survivors of sudden cardiac death. Nademanee and I 
and Kehoe et al present data indicating that sotalol is at 
least as effective as class I agents in these patients. Camm 
and Paul succinctly review the available data on the ex- 
panding role of sotalol as a class III agent in the treat- 
ment of supraventricular arrhythmias. The data provide 
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a basis for critically testing the relative merits of delaying 
conduction vs prolonging refractoriness as determinants 
of success in controlling such arrhythmias. Finally, Soyka 
et al review the extensive data now available on the ad- 
verse effects of sotalol. It is particularly interesting that, 
despite the striking lengthening of the QT interval and 
the accompanying bradycardia that sotalol induces, the 
incidence of torsades de pointes—the specific proarrhyth- 
mia characteristic of class III agents—does not exceed 
5%. 

As indicated in the final presentation, this series of 
reports delineates the expanding role of the unique class 
III antiarrhythmic effects of sotalol. More than that, it 
points to a new focus for the pharmacologic control of 
cardiac arrhythmias: altering the myocardial substrate 
by prolonging repolarization rather than by greatly de- 
laying conduction to eliminate the trigger mechanisms. 





Historical Development of the Concept of 
Controlling Cardiac Arrhythmias by Lengthening 
Repolarization: Particular Reference to Sotalol 


Bramah N. Singh, MD, DPhil 


Although numerous pathophysiologic states, such 
as hypocalcemia and hypothyroidism, lengthen re- 
polarization and are associated with a reduced inci- 
dence of cardiac fibrillation, the concept of the 
pharmacologic control of rhythm disorders by pro- 
longing the action potential duration is relatively 
new. There is now a great deal of interest in the 
relative merits and applicability of delaying conduc- 
tion or prolonging refractoriness as ways to pre- 
vent arrhythmias. Prolonging the action potential 
duration in cardiac tissues lengthens the refractory 
period without affecting conduction, prolongs the 
cycle length of the tachycardia, and prevents it 
from deteriorating into fibrillation. Lengthening the 
action potential duration is also associated with a 
positive inotropic effect demonstrated most readily 
in isolated cardiac tissues, an important feature in 
antiarrhythmic agents intended for use in life- 
threatening tachyarrhythmias in patients with re- 
duced ventricular function. This array of properties 
was first recognized in the 8 blocker sotalol and 
formed the basis for a discrete class of antiarrhyth- 
mic mechanism—the so-called class Ill electro- 
physiologic effect. Such a series of actions was also 
recognized early in the case of amiodarone, which 
has a much more complex pharmacologic profile. 
Clinical studies with sotalol and amiodarone have 
done much to establish the clinical use of prolong- 
ing the action potential duration in controlling a 
broad spectrum of cardiac arrhythmias. Both amio- 
darone and sotalol prolong the action potential du- 
ration and attenuate adrenergic stimulation, but 
they do so by fundamentally different mechanisms. 
The electrophysiologic properties of sotalol rep- 
resent the combined effects of 8 blockade and 
lengthening the action potential duration. Prolong- 
ing the action potential duration is not related to 8 
blockade because the dextroisomer of the com- 
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pound has effects identical to those of the levo- 
isomer at the same drug concentrations. In high 
concentrations, sotalol inhibits the inward sodium 
current but does not affect the inward slow calcium 
current. It prolongs repolarization by inhibiting the 
delayed rectifier potassium current, with a modest 
effect on the inward rectifier. After intravenous or 
oral administration in humans, sotalol slows the 
heart rate and intranodal conduction and prolongs 
the refractory period in the atrioventricular node. 
These effects are due essentially to 8 blockade and 
are similar to those produced by most heart rate- 
reducing 8 blockers. The class Ill actions of sotalol 
are reflected in the prolongation of the monophasic 
action potential duration accompanied by major in- 
creases in the refractory periods in the atria, ven- 
tricles, His-Purkinje system, and in the bypass 
tracts in both the retrograde and anterograde di- 
rections. These changes occur independently of 8 
blockade. The available data on the pharmacody- 
namic and electrophysiclogic properties of sotalol 
suggest that the drug’s action should result in the 
acute and prophylactic control of a wide variety of 
supraventricular and ventricular arrhythmias. 

(Am J Cardiol 1990;65:3A-11A) 


rhythmias may be aborted by lengthening the repo- 

larization phase of the cardiac action potential is 
not new. Not long after quinidine was introduced into 
therapeutics, Lewis et all? described its clinical use in 
atrial fibrillation and suggested that it acted by increas- 
ing the refractoriness of cardiac muscle. While being 
consistent with the idea that atrial fibrillation was based 
on a “circus” movement in the atria, the suggestion was 
also appealing since the most readily measurable effect of 
quinidine was the prolongation of the QT interval on the 
surface electrocardiogram. 

No further advances in understanding how quinidine 
exerted its beneficial effects in controlling arrhythmias 
were made for 3 decades. The electrical activity of the 
heart could then be studied by applying the microelec- 
trode technique to isolated cardiac muscle. In the 1950s, a 
number of investigators,* particularly Vaughan Wil- 
liams, showed that quinidine, in clinically meaningful 
concentrations, had the dominant effect of depressing the 


Ts electrophysiologic concept that cardiac ar- 
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maximal rate of rise of the cardiac action potential rather 
than lengthening repolarization. Conduction velocity was 
markedly slowed, while only the terminal portion of repo- 
larization was modestly lengthened. There was little ef- 
fect on the plateau phase of the action potential. Thus, it 
appeared that quinidine had little effect on the absolute 
refractory period; it could, however, influence the effec- 
tive refractory period by 2 distinct mechanisms. First, as 
shown by Weidmann,’ the drug shifted the curve relating 
the maximal rate of rise of the action potential to the 
membrane voltage in the hyperpolarizing direction. This 
effect was similar to that produced by low-sodium media. 
Thus, a critical time-dependent recovery of the sodium 
carrier mechanism was necessary before the next propa- 
gated action could be elicited in response to an applied 
extrastimulus.’? Second, Weidmann? found that the car- 
diac membrane needed to repolarize to a certain minimal 
voltage before a response to a stimulus could be obtained. 
Therefore, interventions that prolonged the action poten- 
tial duration were likely to lengthen cardiac refractori- 
ness. These 2 ways in which cardiac refractoriness can be 
altered have since been designated as time- and voltage- 
dependent mechanisms. A careful analysis of the action 
of quinidine in terms of its concentration-effect relations 
has shown that its major influence is on depolarization 
rather than repolarization. In the decade that followed 
the aforementioned classic observations in the microelec- 
trode laboratory, the major focus was essentially on the 
time-dependent mechanism for an increase in refractori- 
ness as an antiarrhythmic action.® 

The question of whether lengthening the effective re- 
fractory period by prolonging the cardiac action potential 
itself (without an associated change in the rate of rise 
of the action potential) might be a discrete antiarrhyth- 
mic mechanism became clouded by the reports of sud- 
den deaths that complicated the long QTc-interval syn- 
dromes.?:!° Schwartz!! reviewed the subject, and Sura- 
wicz and Knoebel!? recently discussed the circumstances 
in which lengthened QTc interval is associated with an 
enhanced tendency for the occurrence of atypical ventric- 
ular tachycardia. However, there appears to have been 
less emphasis on the clinical instances in which lengthen- 
ing the cardiac action potential has been associated with a 
reduced probability of cardiac arrhythmias. 

Such clinical entities are nevertheless important be- 
cause they may provide models elucidating the potential 
mechanisms whereby prolonging cardiac repolarization 
might constitute an antiarrhythmic effect. Interest re- 
cently burgeoned in this area, undoubtedly because amio- 
darone, the dominant electrophysiologic action of which 
is to lengthen the cardiac action potential during chronic 
administration, has been found to be an unusually potent 
agent for controlling most cardiac arrhythmias.'? Vari- 
ous lines of evidence recently converged to indicate that 
the lengthening of the action potential duration provides 
an important mechanism for controlling cardiac arrhyth- 
mias.!* Because this subject was discussed at length in a 
recent monograph’? and in an editorial,'® only the salient 
features will be considered. 
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LENGTHENING OF ACTION 
POTENTIAL DURATION AS AN 
ANTIARRHYTHMIC MECHANISM 

As early as 1955, Weidmann?” clearly established the 
voltage dependence of the heart’s refractory period. He 
showed that in Purkinje fibers under voltage-clamp con- 
ditions, the membrane potential needed to return to at 
least —55 mV (after a driven action potential) before 
another action potential could be elicited. The electro- 
physiologic implications of this observation are obvious. 
Thus, physiologic, pharmacologic or pathologic interven- 
tions tending to shorten the time course of repolarization 
would, of necessity, abbreviate the refractory period of 
cardiac muscle and would likely be arrhythmogenic. This 
has been clearly established for anoxia, halothane and 
acetylcholine (in atrial muscle), all of which accelerate 
repolarization; they all shorten the refractory period and 
are known to be arrhythmogenic or cause fibrillatory 
perturbations. For example, atrial fibrillation can be pro- 
duced predictably by an atrial extrastimulus during con- 
tinuous vagal stimulation.!’ 

However, if one delayed attainment of a minimal level 
of the membrane voltage needed to generate a second 
action potential in response to an extrastimulus by inter- 
fering with processes that normally govern the repolariza- 
tion rate, the refractory (both the absolute as well as the 
effective) periods of cardiac muscle would be correspond- 
ingly prolonged, an antiarrhythmic mechanism. 

It should be emphasized that such a change may occur 
entirely independently of any alteration in cardiac depo- 
larization and conduction velocity. However, it would 
produce a number of discrete electrophysiologic and ino- 
tropic effects. First, in pacemaker tissues and other fibers 
with potential for spontaneous automaticity, lengthening 
the action potential duration will delay attaining the max- 
imal diastolic potential. The onset of the next spontane- 
ous diastolic depolarization will be similarly retarded. 
Thus, the threshold voltage will be reached later and the 
cycle length of the tachycardia (if automatic) will be 
prolonged. Second, in nonpacemaker tissues, the in- 
creases in the action potential duration and in the voltage- 
dependent refractoriness will slow the tachycardia (re- 
gardless of its mechanism) or may make it less readily 
sustained. Moreover, in the case of ventricular tachycar- 
dia, prolonging the cycle length may prevent the accelera- 
tion of the tachycardia with a reduction in its tendency to 
deteriorate into ventricular fibrillation. Such an effect on 
repolarization, in the case of an intervention that has no 
significant depressant effect on conduction velocity, is 
unlikely to lead to reentrant excitation. However, this is 
likely to hold true only if the lengthening of the action 
potential duration is uniform, so that the tendency toward 
focal reexcitation from heterogeneity in repolarization 
and refractoriness resulting from nonuniform alterations 
in the action potential durations is avoided. 

Finally, the issue of whether lengthening the cardiac 
action potential duration might affect cardiac contractile 
force is important. Experimental and clinical data sug- 
gest that antiarrhythmic agents that lengthen cardiac 





repolarization are not negatively inotropic.!® There is evi- 
dence that many of them may exert a positive inotropic 
action.'? These properties are particularly useful clinical- 
ly because the patients with life-threatening ventricular 
arrhythmias have the greatest need for aggressive phar- 
macologic therapy and the most compromised ventricular 
function.” 

Numerous observations indicate that lengthened car- 
diac repolarization may be associated with enhanced con- 
tractility. For example, Kavaler2! showed that sustained 
depolarization led to increased tension development in 
isolated heart muscle. This was confirmed by Morad and 
Trautwein,” who studied the relation between the action 
potential duration and contraction in mammalian cardiac 
muscle. Therefore, it was interesting when Singh and 
Vaughan Williams” showed that, despite the fact that 
sotalol is a 8 blocker, it did not exert a depressant effect 
on contractility and, in fact, in some preparations it ex- 
hibited a frankly positive inotropic effect in feline papil- 
lary muscle (Fig. 1). This was consistent with the obser- 
vation of Kaumann and Olson,”4 who found that sotalol 
not only augmented isometric contractions in papillary 
muscle but also produced long-lasting aftercontractions 
as a function of increases in the duration of the intracellu- 
larly recorded action potentials (Fig. 2). In vivo, the posi- 
tive inotropic effects of sotalol are more difficult to dem- 
onstrate because such effects may be offset by the con- 
comitant 6 blockade induced by the drug. However, 
Brooks et al?’ reported that intravenously administered 
sotalol did not significantly depress systemic hemody- 
namics in patients with cardiac failure, in contrast to the 
well-known depressant effects of conventional 6-blocking 
agents. Orally administered sotalol has been found to be 
reasonably well tolerated by patients with low left ven- 
tricular ejection fractions*®”’; rarely does the drug aggra- 
vate heart failure in such patients. It appears that when it 
does, the withdrawal of the sympathetic drive by the 
drug outweighs its potential intrinsic positive inotropic 
actions. As indicated elsewhere, all or nearly all so-called 
class III antiarrhythmic drugs have a benign hemody- 
namic profile, even in patients with congestive cardiac 
failure. '® 


FIGURE 2. Effects of sotalol (27 ug/ml) on 
the action potential isometric tension in 
papillary muscle from the kitten heart. Up- 
per trace of each panel (A and B) show 
zero potential; middle trace the trans- 
membrane potential; lower trace the iso- 
metric tension. Vertical calibration: mem- 


tential. An aftercontraction (ac) develops 
during the prolonged phase 2 of the action 
potential. (Reprinted with permission from 
Science.2%) 


Control 


Sotalol 
(MJ 1999) 


50 mg/litre (1.83 x 10% M) - 60 min exposure 
300 V/sec 


100 msec 


FIGURE 1. The effect of sotalol (MJ 1999) on the transmem- 
brane action potentials recorded from feline ventricular mus- 
cle. Horizontal line on the left at the top of each panel repre- 
sents zero potential; middle trace represents the action poten- 
tial at slow and fast sweep speeds. Bottom trace represents 
isometric tension. Upper trace on the right represents surface 
potential and the lower trace represents the differential signal 
for the maximal rate of rise of the action potential. Note that 
sotalol has little or no effect on the upstroke velocity (maximal 
rate of rise) of phase 0 or on isometric tension. The dominant 
effect is lengthening the action potential duration and thus, by 
inference, the effective refractory period (a class Ill action). 
(Reprinted with permission from Br J Pharmacol.?3) 


CLINICAL ANTIARRHYTHMIC CORRELATES 
OF PROLONGED CARDIAC REPOLARIZATION 
For many years, certain clinical situations have been 
known to be associated with a reduced incidence of cardi- 
ac arrhythmias. For example, hypocalcemia homoge- 
neously lengthens the QT interval of the electrocardio- 
gram and arrhythmogenicity in hypocalcemic syndromes 


P| 


400 msec 
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is rare unless complicated by hypokalemia. Furthermore, 
reducing serum calcium in certain situations (¢.g., glyco- 
side intoxication) may correct dysrhythmias. Perhaps hy- 
perthyroidism is the most striking example of a clinical 
entity in which changes in the action potential duration 
appear correlated with the tendency for arrhythmias to 
develop; in such cases a marked shortening of the action 
potential duration of the atria has been reported? and 
may be related to the frequent paroxysmal or sustained 
atrial fibrillation that responds to antithyroid treatment. 
Conversely, in hypothyroidism, arrhythmias of any kind 
are uncommon. The major electrophysiologic effect of 
deficient thyroid hormone on cardiac muscle is “isolated” 
prolongation of the action potential duration with depres- 
sion of phase 4 depolarization in the sinus node.”*? How- 
ever, the latter effect may not be caused entirely by 
lengthening the action potential duration in the sinus 
node, as there is a downregulation of 6 receptors in hypo- 
thyroidism. The slowing of the sinus frequency may be 
due in part to adrenergic antagonism secondary to hypo- 
thyroidism, with a depressant effect on phase 4 depolar- 
ization. Conversely, Arnsdorf and Childers,” using atria 
from hyperthyroid rabbits, showed that the effective re- 
fractory period was much shorter than in those that were 
euthyroid. It is known that phase 4 depolarization is 
markedly steepened in hyperthyroidism. 

These observations on altered thyroid state and the 
incidence of cardiac arrhythmias may also be related to 
recent observations linking the stability of sinus rhythm 
in patients with paroxysmal atrial fibrillation to the dura- 
tion of the atrial action potential determined by intracavi- 
tary suction electrodes.'? For example, in patients who 
underwent electrical conversion to sinus rhythm, the re- 
lapse rate to atrial fibrillation was significantly higher in 
those with shorter action potential durations.*' Thus, 
these observations clearly suggest that drug-induced 
lengthening of the myocardial action potential duration, 
by whatever mechanism, should reduce the probability of 
cardiac fibrillation. The issue about hypothyroidism, as 
an example of a clinical situation with a reduced proba- 
bility of cardiac fibrillation from an apparently potent 
class III antiarrhythmic action, has recently come into 
sharp focus because of growing evidence that the funda- 
mental mechanism of action of amiodarone on repolari- 
zation might be mediated through a competitive T3 an- 
tagonism in the myocardium.?? 

Although this issue is important in the development of 
class III agents that act in a similar manner to amioda- 
rone, the effects of sotalol clearly differ from those of 
amiodarone. Nevertheless, they share 2 features, namely, 
an antiadrenergic effect associated with a reduction in 
heart rate and the marked prolongation of the action 
potential duration and refractoriness in various cardiac 
fibers. 


DEVELOPMENT OF THE PHARMACOLOGIC 
CONCEPT OF CLASS Ill ANTIARRHYTHMIC 
ACTION: FOCUS ON SOTALOL 

While investigating the properties of a number of 8 
antagonists, Singh and Vaughan Williams?” and Singh’? 
found that the 6-blocking drug sotalol (MJ 1999), be- 
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sides having the propensity to block 6 receptors competi- 
tively, lengthened the intracellularly measured action po- 
tentials in mammalian myocardial fibers (Fig. 1) and 
prolonged the QTc interval of the surface electrocardio- 
gram in anesthetized guinea pigs. By inference, the drug 
prolonged the effective refractory period. Sotalol also 
protected experimental animals from ventricular fibrilla- 
tion due to cardiac glycoside intoxication. The overall 
effects of the drug could not be explained on the basis of 6 
blockade alone or by inhibition of the fast-sodium chan- 
nel. Unlike quinidine or procainamide, sotalol produced 
no significant changes in depolarization. Thus, it was 
believed at that time that sotalol exhibited electrophysio- 
logic properties that were unique. It was postulated that 
the simple lengthening of the action potential duration 
constituted a significant and discrete mechanism (the so- 
called class III) for the control of cardiac arrhyth- 
mias.23:33 Recent experimental and clinical*°’ observa- 
tions tend to vindicate these earlier, somewhat theoretical 
expectations. 

There are now a growing number of pharmacologic 
agents that might exert their major antiarrhythmic ac- 
tions by selectively lengthening cardiac repolarization. 
Until recently, the most significant compounds in this 
class included sotalol and its isomers, amiodarone*> and 
its metabolite (desethylamiodarone), N-acetylprocaina- 
mide, bretylium, pranolium, clofilium and melperone. 
Numerous newer compounds, such as sematilide, E- 
4031, and UK 68,798, among others, now are at varying 
stages of pharmacologic characterization and clinical 
evaluation. Structurally and pharmacologically, these 
agents are diverse. One may therefore expect significant 
differences with respect to their antiarrhythmic potency, 
pharmacokinetic properties, side-effect profiles, proar- 
rhythmic tendencies (especially torsades de pointes) and 
overall clinical efficacy. However, they do share many 
common features with respect to their hemodynamic and 
electrophysiologic effects, an understanding of which 
may provide further insights into the nature of antiar- 
rhythmic actions. 

Only the properties of sotalol will be discussed as a 
preamble to this international symposium. The main pur- 
pose here is to bring together, within a convenient and a 
relatively brief format, the evolving role of this unique £ 
blocker, the electrophysiologic properties of which 
formed the basis for the concept of controlling cardiac 
arrhythmias by prolonging cardiac repolarization, as was 
suggested 20 years ago.” 


SOTALOL AS A BROAD-SPECTRUM 
ANTIARRHYTHMIC COMPOUND: 
ELECTROPHYSIOLOGIC BASIS 

In delineating the overall properties of sotalol, it is 
essential to define those aspects of its antiarrhythmic 
actions that are caused by its 8-blocking properties and 
those that stem from its property of lengthening cardiac 
repolarization. Both features constitute integral compo- 
nents of the drug’s overall antiarrhythmic actions. 

Beta-blocking potency of sotalol: Unlike other para- 
substituted 8 blockers, such as atenolol and metoprolol, 
sotalol is not cardioselective, nor does it exhibit intrin- 
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sic sympathomimetic activity or local anesthetic ac- 
tions.”333.3 However, numerous in vitro and in vivo stud- 
ies have clearly established its 8-blocking propensity.3°44 
The commercially available preparation is the racemic 
mixture of d- and |-sotalol, the dextroisomer having less 
than one-fiftieth the activity of the levocompound.*4 

In isolated tissues, sotalol shifts the agonist dose-re- 
sponse curve to the right>+:38.42-48 in a parallel fashion. In 
the formal analysis of the differences between proprano- 
lol and sotalol as 6 antagonists, values of 6-blocking po- 
tency for propranolol of about 8.7 and of 6.4 for sotalol 
have been reported, reflecting a marked difference in the 
relative potencies of the 2 8 blockers.38-43 However, such a 
100-fold difference in the blocking actions of the 2 com- 
pounds has not always been demonstrated. Some stud- 
ies** have shown that in vitro sotalol was one-tenth to one- 
fiftieth as potent as propranolol. The marked difference 
between the in vitro and in vivo blocking potencies of 
sotalol is not completely understood but has been attrib- 
uted to a low lipid solubility, which is balanced by good 
absorption and high metabolic stability of the drug. 

In intact anesthetized animals and in conscious hu- 
mans, the potency ratio between sotalol and propranolol 
appears to be 1:3 or 1:2 to 3.36 However, sotalol exerts 
a nonadrenergically mediated positive inotropic ef- 
fect,?%.24,36.38,39 although a weak one, which may influ- 
ence the precise determination of its 6-blocking propensi- 
ty against standard agonists such as isoprenaline. 

Cellular electrophysiologic effects of sotalol: It is of 
historical interest that sotalol was introduced as a 8 
blocker in the early 1960s,’ but its unique electrophysio- 
logic actions were not appreciated for many years. The 
initial electrophysiologic studies, reported by Singh and 
Vaughan Williams’? and by Strauss et al,42 indicated 
that in all cardiac tissues studied, the drug increased the 
duration of the action potential in a concentration-depen- 
dent fashion. There was a concomitant lengthening of the 
effective and the absolute refractory period. There was no 
change in the upstroke velocity of the phase zero of the 
action potential except when concentrations were 10-4 M 
or greater. Several investigators*?° reported the reduc- 


tion in the upstroke velocity of the action potential by 
sotalol at high concentrations. Concentration-dependent 
depression effects on the upstroke velocity of the action 
potential are shown in Figure 3. 

The property of lengthening the cardiac action poten- 
tial exhibited by sotalol cannot be attributed to its actions 
as a p blocker. Although some lengthening of the myocar- 
dial action potential duration has been reported in rabbits 
and in humans chronically treated with a number of 8 
blockers,°!-? the magnitude of such changes has been 
trivial compared with that found with sotalol or amioda- 
rone. It has not been consistently verified. Therefore, the 
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FIGURE 4. Effects of varying concentrations of d- and 

lol on the properties of canine ventricular 
muscle. Note that the effects of the 2 isomers on the action 
duration are identical. (Adapted from data from 
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prolongation of the action potential duration induced by 
sotalol is unlikely to be due to 6 blockade. This is now 
supported by our recent observations that the dextro- 
isomer of the drug (nearly devoid of 6-blocking property) 
exerts an identical effect (see Fig. 4) on repolarization, as 
does 1-sotalol.44 These experimental observations are in 
accord with the clinical observations: The intravenous 
injection of the dextroisomer of sotalol in humans had 
little or no 6-blocking effect compared with the racemic 
mixture; however, the repolarization effects (i.e., on the 
QTc interval of the electrocardiogram) of the dextro- 
isomer and racemic compound were comparable over the 
same drug dose range.” 

Differences between the actions of propranolol, the 
reference 8 blocker, and sotalol should be emphasized. 
For example, Nakaya et al°* examined the effects of 
propranolol (0.3 to 30 uM) and sotalol (3 to 300 uM) in 
canine Purkinje fibers and ventricular muscle fibers using 
standard microelectrode techniques. Propranolol short- 
ened the action potential duration in Purkinje fibers but 
had little or no effects in ventricular muscle; in contrast, 
sotalol produced a concentration-dependent increase in 
the action potential duration in both tissues. Further- 
more, propranolol decreased the maximal rate of rise of 
the action potential, whereas sotalol had no effect on this 
parameter except at very high concentrations of the drug, 
emphasizing the relative selectivity of sotalol for altering 
repolarization in rather than depolarization of cardiac 
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muscle. The data agree with the observations of Shima- 
tori et al,5> who examined the effects of 5 different 6 
blockers (including sotalol) on sinoatrial conduction time 
in isolated blood-perfused canine atria. In contrast to the 
depressant effects of propranolol, sotalol had no signifi- 
cant effect on sinoatrial conduction. 

Effects on membrane currents of sotalol and its ste- 
reoisomers: At concentrations equal to or less than 1074 
M, Carmeliet*? found that the main electrophysiologic 
effect of sotalol and its isomers was to prolong the action 
potential duration (Fig. 3). At higher concentrations, the 
action potential duration was shortened and V max signifi- 
cantly reduced because of the inhibition of the tetrodotox- 
in-sensitive inward sodium (“window”) current. The volt- 
age-clamp studies of Carmeliet*? indicated that lengthen- 
ing the action potential duration by sotalol may be due to 
a substantial reduction in the delayed rectifier current 
(ix; see Fig. 5) associated with a small decrease in the 
inward rectifier current (ix)). 

These electrophysiologic effects raise 2 theoretical 
possibilities. First, the lengthening of repolarization will 
delay the inactivation of the slow-calcium channel (with- 
out effect on the magnitude of the peak current), which 
will produce both a net increase in the intracellular calci- 
um per beat and an increase in myocardial contractility. 
This is consonant with the findings of Kaumann and 
Olson24 and Singh, who reported a positive inotropic 
effect due to sotalol in feline papillary muscle associated 
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FIGURE 5. A, dose-response relation for the effect of di-sotalol on the amplitude of the tail current at —50 mV after a condition- 
ing pulse to -20 mV. Square symbols indicate mean values obtained for 3 to 5 preparations in which only 1 or up to 3 concen- 
trations were tested. Other symbols show individual measurements made in preparations in which the whole range of sotalol 
concentrations was tested in rabbit Purkinje fibers. B, examples of current records obtained in a typical experiment and super- 
imposition of current records (bottom) illustrating the progressive inward shift during the clamp and the decrease in tail current 
on return to the holding potential. (Reproduced with permission from J Pharmacol Exp Ther.*°) 
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with markedly lengthened action potential duration. In 
the case of the dextroisomer of sotalol, such an effect is 
likely to be more pronounced because it will not be atten- 
uated by associated 6-receptor blockade. Second, inhibi- 
tion of the outward K currents by sotalol and its isomers 
will lengthen the refractory period. Both isomers of sota- 
lol are thus likely to exert antiarrhythmic actions. The 
differences in the antiarrhythmic effects of the 2 isomers 
will permit the separation of the net effects due to 6 
blockade and those due, as it were, to “pure” class III 
electrophysiologic actions. 

Clinical electrophysiologic effects of sotalol: The 
clinical effects of sotalol agree with those found in isolat- 
ed tissues and in intact animals. Electrophysiologic stud- 
ies using intravenous drugs have established that sotalol 
lengthens the monophasic action potential in atria and 
ventricles in humans>*°657 and increases the effective 
refractory period in atria, ventricle, atrioventricular node 
and bypass tracts while lengthening the intranodal but 
not the infranodal conduction time.?62758-6! These prop- 
erties differ from those of conventional 8 blockers, which 
have little or no effect on atrial, ventricular and bypass 
tract effective refractory periods.6? The studies of Nade- 
manee et al?” are in agreement with these findings. 
Intravenous sotalol lengthened the effective refractory 
period in atria (+24.6%; p <0.01), atrioventricular node 
(+24.9%; p <0.01) and ventricle (+14.9%; p <0.01); it 
significantly lengthened sinus node recovery time QTc 
and AH but not the HV interval. The effective refractory 
period of the His-Purkinje system also lengthened after 
the intravenous administration of sotalol in patients un- 
dergoing programmed electrical stimulation of the 
heart.’ Very similar overall electrophysiologic data have 
been reported by Touboul et al® and Borggrefe et al,64 
the overall effects being accounted for by summed effects 
of 6 blockade and those due to the lengthening of the 
action potential duration without a change in depolariza- 
tion. 

Comparison of sotalol and propranolol, acute versus 
chronic effects: Creamer et al®> compared the acute and 
the chronic effects of propranolol and sotalol in conven- 
tional equiactive 6-blocking doses of the 2 antagonists in 
8 patients with permanent programmable pacemakers. 
They found sotalol prolonged the QTc interval by 6.5% 
after intravenous administration and by 11.5% after 4 
weeks of oral therapy. There was no change in the QRS 
duration, and the entire increase in repolarization was 
therefore due to a lengthening of the JT interval. The 
prolongation of the QT and JT intervals was related to 
plasma concentrations of the drug, but a significant rela- 
tion was not established in this study. It was interesting 
that the QT lengthening was greater during chronic ther- 
apy despite somewhat lower serum levels of the drug. 

After propranolol therapy, there was no change in the 
QT or JT intervals and, although there was a minor 
tendency for the QTc to increase after chronic therapy, 
this did not reach statistical significance. Thus, the data 
provide further confirmation that the lengthening of the 
QTc induced by sotalol is not due to its antiadrenergic 
property. Creamer et al®> further showed that neither 


drug affected the pacing threshold of the ventricle after 
intravenous drug administration. 

These findings clearly indicate a combination of 8- 
blocking (class II) and class III actions, a combination 
that is likely to attribute a broad-spectrum antiarrhyth- 
mic effect to sotalol and a side-effect profile that are 
essentially predictable on the basis of these 2 fundamen- 
tal actions. 


ELECTROPHYSIOLOGIC AND 
ANTIARRHYTHMIC CORRELATES 
OF SOTALOL ACTION 

There have been numerous experimental23.33.66-7! and 
clinical’?~’° reports documenting a broad range of antiar- 
rhythmic effects in the case of dl-sotalol. The spectrum of 
its effects in arrhythmias is wider than that of convention- 
al 8 blockers.” Other reports in this symposium proceed- 
ings discuss the clinical effects from recent investigations. 
The salient experimental findings relevant to the clinical 
effects of the drug will be discussed briefly here. 

In a model of postmyocardial infarction arrhythmias 
in conscious dogs, Cobbe et al®® found that ventricular 
arrhythmias were prevented by sotalol in 11 of 19 studies 
(58%) compared with 1 of 14 (7%) with metoprolol, 
which does not lengthen the action potential duration. 
The salutary effect of sotalol could be correlated with 
lengthening the refractory period of the infarct zone, 
whereas metoprolol had no effect on this parameter, indi- 
cating that the antiarrhythmic effect of sotalol was not 
mediated solely through 8 blockade. These observations 
are also consistent with the findings of Marshall et al,”7 
who found that giving sotalol intravenously significantly 
increased the ventricular fibrillation threshold of both 
normal as well as ischemic myocardium in the anesthe- 
tized rat, whereas metoprolol had no effect on the ventric- 
ular fibrillation threshold in the normal myocardium and 
merely prevented the decrease in ventricular fibrillation 
threshold after coronary artery occlusion. Again, these 
findings indicate the antifibrillatory and antiarrhythmic 
actions of sotalol in a variety of animal models, as empha- 
sized by Patterson and Lucchesi.”° The major effect ap- 
pears to be mediated through the lengthening of the ac- 
tion potential duration. 

Although our data clearly show that the dextroisomer 
is equipotent with the levoisomer and with the racemic 
mixture in prolonging the effective refractory period, the 
data dealing with the antiarrhythmic actions of d-sotalol 
have been limited.78 

However, Lynch et al’! recently found that 8 mg/kg 
of intravenous cumulative doses of the levo- as well as the 
dextroisomer suppressed induction of ventricular tachy- 
cardia in their conscious-canine ischemic model of sud- 
den death in 50% of the dogs. At this dose, only the l- 
sotalol exerted an antiadrenergic effect such as lengthen- 
ing the PR interval of the surface electrocardiogram, but 
both isomers produced equivalent increases of 15 to 20% 
in the ventricular effective refractory period. 

Culling et al”? found that the drug prevented ventricu- 
lar arrhythmias associated with myocardial ischemia and 
reperfusion in the isolated buffer-perfused model of the 
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guinea-pig heart. In this preparation, ischemia was pro- 
duced by reduction of flow to 10% for 30 minutes fol- 
lowed by reperfusion. However, the beneficial effect on 
the arrhythmia could not be accounted for by alterations 
in the measured electrophysiologic parameters, such as 
refractoriness or the time course of the monophasic action 
potentials. During myocardial ischemia, sotalol has been 
shown to elevate myocardial pH in the canine heart,*° 
and the drug’s effect on its so-called class III action is not 
negated by elevated extracellular potassium.®*! 

Finally, there are data that suggest that the antifibril- 
latory effects of sotalol are not confined to ventricular 
tissue. Bertrix et al82 measured the fibrillation threshold 
in the canine ventricle and atria concurrently with the 
amplitude and duration of the monophasic action poten- 
tial, effective refractory period, the conduction time in the 
contractile fibers, and the fibrillation rate once fibrilla- 
tion had been triggered. Sotalol increased the fibrillation 
threshold in association with increases in the duration of 
the action potential and the effective refractory period. 
The fibrillation rate slowed but conductive time did not 
change. The overall changes were more striking in the 
case of the atria (than in the ventricles) in which vulnera- 
bility to fibrillation had been enhanced by acetylcholine 
(presumably by reversing the cholinergically mediated 
shortening of the action potential duration and refractori- 
ness). Sotalol antagonized the changes induced by acetyl- 
choline. Experimental data thus provide a compelling 
basis for the antiarrhythmic and antifibrillatory effects in 
a broad spectrum of supraventricular and ventricular ar- 
rhythmias. 


CONCLUSIONS 

The experimental and clinical data indicate that sota- 
lol, the prototype of class III antiarrhythmic drugs, exhib- 
its electrophysiologic characteristics that represent 
summed effects of blocking 8 receptors and that block 
potassium channels in a variety of myocardial cells. 
Therefore, unlike conventional 8 antagonists, sotalol pro- 
longs the refractory period in the atria, ventricles, His- 
Purkinje system, and the bypass tracts of the heart in 
addition to lengthening the refractory period in the atrio- 
ventricular node, slowing the heart rate and delaying 
intranodal conduction, effects that can be related to the 
block of adrenergic impulse traffic in the heart. The salu- 
tary clinical effects of the compound therefore reflect its 
dual action and emphasize the significance of its major 
class II as well as its class III actions. 

The expanding clinical experience with sotalol as an 
antiarrhythmic agent is appropriate to the experimental 
and clinical electrophysiologic effects of this unique ĝ- 
blocking activity. Unlike conventional 6-blocking drugs, 
dl-sotalol has been found effective in lengthening the 
anterograde effective refractory period of the bypass 
tracts in the Wolff-Parkinson-White syndrome and in 
preventing reinduction of ventricular tachycardia in ex- 
perimental animals and in humans. These observations, 
consistent with the additional antiarrhythmic actions of 
dl-sotalol compared with those of other 6 blockers, may 
be due to its propensity to lengthen repolarization and 
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refractoriness in cardiac muscle. Compared with amioda- 
rone, sotalol is a simpler compound electrophysiological- 
ly. It exerts similar electrophysiologic actions after intra- 
venous and chronic oral administration. It is therefore 
likely to be clinically useful in the acute and prophylactic 
control of a wide variety of supraventricular and ventricu- 
lar arrhythmias. 
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Pharmacology, Pharmacodynamics and 
Pharmacokinetics of Sotalol 


Michael J. Antonaccio, BS, PhD, and Allen Gomoll, BS, PhD 


Sotalol is a nonselective, water-soluble 8-adreno- 
ceptor antagonist with no membrane-stablizing ac- 
tivity or intrinsic sympathomimetic activity. Sotalol 
is, essentially, completely absorbed and is not me- 
tabolized. Consequently, bioavailability is close to 
100%. Age and food have slight but unimportant 
effects on bioavailability. Cmax of sotalol is 2 to 3 
hours with a t!2 between 7 and 15 hours. Excre- 
tion of sotalol is primarily through the kidneys, with 
no metabolism by liver and no first-pass effect. 
Therefore, sotalol plasma levels and half-life are di- 
rectly related to creatinine clearance and glomeru- 
lar filtration rate. Appropriate dose adjustments 
must be made for patients with impaired renal 
function or increased renal blood flow, as in preg- 
nancy. 

The §-adrenoceptor antagonistic effects of sota- 
lol are directly related to plasma levels, which, in 
turn, are directly related to dose. However, the £- 
adrenoceptor antagonism t’2 is longer than the so- 
talol plasma t?2. 

As a consequence of its ability to prolong the ac- 
tion potential duration, sotalol also increases cardi- 
ac contractility in isolated ventricular, but not atri- 
al, preparations by 20 to 40%. This positive inotro- 
pic effect is not blocked by £ or a blockade or 
reserpine pretreatment and seems to be related to 
sotalol’s effects on cardiac ionic currents. Like the 
effects of sotalol on action potential duration, the 
positive inotropic effects are inversely proportional 
to rate. 

The hemodynamics of sotalol indicate a relative 
lack of direct cardiac depressant activity in both 
animals and humans. The typical hemodynamic ef- 
fects of sotalol in normotensive humans, even with 
depressed myocardial function, are a reduction in 
heart rate with little or no change in blood pres- 
sure, a reduction in cardiac output with no change 
in stroke volume, and little or no change in pulmo- 
nary wedge pressure and left ventricular end-dia- 
stolic pressure or volume, and little or no change in 
ejection fraction either at rest or during exercise. 

(Am J Cardiol 1990;65:12A-—21A) 
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but its unique properties as an antiarrhythmic agent 

with both class II 6-adrenoceptor antagonism and 
the class III ability to prolong cardiac repolarization were 
not fully realized until relatively recently. Because the 
electrophysiologic and antiarrhythmic effects of sotalol 
will be emphasized elsewhere in this symposium, this 
discussion will focus on the pharmacodynamics and he- 
modynamics of this drug. 


S otalol was discovered in 1960, before propranolol, 


PHARMACOKINETICS 

The absorption of sotalol is virtually complete. Com- 
parisons of intravenous (i.v.) and oral sotalol in both 
animals and humans indicate that the absolute bioavail- 
ability of sotalol ranges from 89 to 102%'~? (Bristol- 
Myers Company, unpublished observations). Sotalol is 
absorbed at a fairly rapid rate, with peak levels generally 
observed 2 to 4 hours after oral administration (Fig. 
1).145 In mice and rats (Bristol-Myers Company, unpub- 
lished observations), and dogs! and humans,” plasma lev- 
els of sotalol are linearly proportional to dose (Fig. 2). In 
humans, in doses ranging from 80 to 640 mg, Cmax and 
the area under the curve were directly proportional to 
dose, whereas Tmax and half-life values were not, both 
after a single dose and at steady state (Bristol-Myers 
Company, unpublished observations). 

Sotalol is apparently not metabolized, since no metab- 
olites have been detected in plasma or urine from animals 
or humans.®°? Labeled metabolites of sotalol were detect- 
ed in the bile of dogs but accounted for less than 1% of the 
administered dose.! In patients with hepatic impairment, 
sotalol pharmacokinetics were similar to those in normal 
subjects.! In addition, dl-sotalol was excreted equally in 
urine as d- and l-sotalol, indicating a lack of isomeriza- 
tion and no difference in clearance of the enantiomers 
(Bristol-Myers Company, unpublished observations). 
The lack of metabolism and the total absorption of sotalol 
account for its 100% bioavailability. 

Most amounts of sotalol are excreted in urine. In rats, 
73% of a single oral dose of 400 mg/kg was excreted in 
urine (Bristol-Myers Company, unpublished observa- 
tions). In dogs, urinary excretion after oral or i.v. sotalol 
administration was 89 and 91% of the dose, respectively. 
In another study in which oral doses of 0.1, 1.6 and 50 
mg/kg of sotalol were administered, urinary excretion of 
unchanged drug was 89, 82 and 93% of the dose, respec- 
tively, indicating that the extent of urinary excretion is 
independent of dose (Bristol-Myers Company, unpub- 
lished observations). In humans, the primary route of 
sotalol elimination is also by renal excretion. After oral 





FIGURE 1. Plasma and cerebrospi- 
nal fluid (CSF) levels of sotalol in 
humans. (Adapted from Curr Ther 
Res.°) 


Concentration of sotalol, mg/l 


administration of sotalol, in doses ranging from 5 to 160 
mg, the mean urinary recovery of sotalol was 80.1% of the 
dose, whereas 12.5% was in feces. After i.v. administra- 
tion, 76.6% of the dose was recovered in urine and only 
1.0% in feces (Bristol-Myers Company, unpublished ob- 
servations). 

Because the clearance of sotalol is primarily by renal 
excretion, positive correlations between sotalol plasma 
levels and renal function have been consistently demon- 
strated. Sundquist et al!! observed a slower elimination 
rate of sotalol after a single oral dose of 160 mg as the 
serum creatinine concentration increased. Berglund et 
al'* demonstrated a linear relation between the elimina- 
tion rate constant, as well as plasma clearance of sotalol 
and glomerular filtration rate in hypertensive patients. In 
normal subjects, both sotalol plasma clearance and renal 
clearance were linearly correlated with creatinine clear- 
ance (Fig. 3).° In end-stage renal failure, it is not surpris- 
ing, therefore, to observe a dramatic increase in the half- 
life of sotalol of 41.3 hours compared with a 5.2-hour 
half-life in normal subjects with no change in peak plas- 
ma levels.’ In these uremic patients, only 9% of the sotalol 
dose was excreted in urine over 48 hours compared with 
61% in normal patients. Hemodialysis can result in a 20% 
increase of the sotalol plasma decay rate. 

In elderly patients, the half-life, but not peak plasma 
level, of sotalol was modestly increased from 7.1 to 11.4 
hours as a consequence of a decrease in renal clearance of 
the drug, requiring no dosage adjustment in these pa- 
tients.'? An increase in sotalol clearance in pregnant 
women was related to the increase in renal blood flow 
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known to occur in pregnancy. Clearly, patients with 
renal insufficiency or failure require lengthening of the 
dosage interval to 48 hours or more to compensate for the 
longer half-life of sotalol in these patients. However, the 


6 8 


FIGURE 2. Plasma levels after various oral doses of sotalol. 
(Adapted from Curr Ther Res.°) 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


p < 0.001; r=0.88 
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Sotalol plasma clearance (ml/min m?) 
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Creatinine clearance 
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FIGURE 3. Left, linear regression of sotalol plasma clearance/creatinine clearance. Approximately 77% of sotalol plasma clear- 
ance correlates with creatinine clearance, indicating a small degree of nonrenal elimination. Right, linear regression of renal 
clearance/creatinine clearance indicating that sotalol is eliminated in a manner similar to creatinine, namely glomerular filtration. 


(Adapted from Clin Pharmacol Ther.°®) 


bioavailability and pharmacokinetics of sotalol are not 
significantly altered by simultaneous hydrochlorothia- 
zide therapy.'4 

Plasma clearance of propranolol and sotalol were 
compared in 68 patients with hypertension or angina 
pectoris using both antipyrine clearance and cytochrome 


TABLE! Summary of Clinical Pharmacokinetic Profile of 

Sotalol* 

Absorption rate Tmax of 2 to 3 hours 

Extent of absorption >90% of dose 

Extent of bioavailability ~100% of dose 

Binding to plasma protein 0% 

Apparent volume of distribution 1.6 to 2.4 1/kg 

Elimination renal (unchanged) ~90% 

Biotransformation 0% 

Apparent plasma half-life 15 (7 to 18) hours 

Pattern of elimination kinetics First order 

Kinetic model applicable Open 2-compartment 

Metabolites None detected 

Steady-state /dose ratio Twofold variation 

Special features Accumulation in renal failure 

Kinetics not affected by 

liver function 


* Adapted from Curr Ther Res.° 
Reproduced with permission from Cardiovasc Drug Rev 1988;6:239-263. 
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P-450 content as a measure of the hepatic drug-metabo- 
lizing enzyme system.!° Propranolol elimination from 
plasma was directly related to both antipyrine clearance 
and cytochrome P-450 levels, whereas sotalol plasma 
clearance was not related to hepatic function. The plasma 
clearance rate of propranolol, but not sotalol, was in- 
creased by alcohol ingestion and related to blood alcohol 
content.!> Since alcohol stimulated hepatic drug-metabo- 
lizing enzymes, this is further evidence that hepatic func- 
tion can alter propranolol but not sotalol clearance. 

Large volumes of fluid delay but do not affect the 
extent of sotalol absorption. Food slightly decreases the 
availability of the drug but does not require any alteration 
in dosage. !® 

A summary of the clinical pharmacokinetic profile of 
sotalol is listed in Table I, and a comparison of the phar- 
macokinetic characteristics of sotalol in comparison with 
several other 6-adrenoceptor antagonists is listed in Table 
II. 


DOSAGE AND ADMINISTRATION 

Sotalol is available as an i.v. as well as oral formula- 
tion. In the treatment of supraventricular and ventricular 
arrhythmias, doses of the drug between 0.2 and 1.5 mg/ 
kg given intravenously have been used without problems 
in patients with normal as well as depressed ejection 





TABLE Il Pharmacokinetic Characteristics of Various Beta-Adrenoceptor Antagonists* 


Sotalol 
Alprenolol 
Atenolol 
Metoprolol 
Oxprenolol 


Rate of 
Absorp- 
tion 
Tmax (H) 


Extent of 
Absorp- 
tion 

(% of dose) 


>90 
>90 
~50 (40 to 65) 
>95 
~80 (70 to 95) 


Extent of 
Bioavail- 
ability 

(% of dose) 


~100 

~10 

~50 (40 to 65) 
~40 (20 to 60) 
~40 (20 to 75) 


Distribution Ratio 
Plasma 
Protein 
Binding 
(% bound) 


n-Octanol / 
Water at 


Half-Life 
(hours) 


10 to 15 
2 
6 to 8 
3 
2 


Pindolol ~85 
Propranolol ~30 
Timolol ~55 


2to4 
3to5 
80 4 


* Adapted from Curr Ther Res.°® 
Reproduced with permission from Cardiovasc Drug Rev 1988;6:239-263. 


fractions. As in the case of all i.v. 8 blockers, slow admin- 
istration is recommended; for high-risk patients (i.e., 
those with acute myocardial infarction), careful monitor- 
ing of hemodynamic or electrocardiographic changes is 
recommended. 

The minimal clinically effective dosage for orally ad- 
ministered sotalol in arrhythmia treatment is likely to be 
either 80 mg once daily or 40 mg twice daily, taken before 
food. Available evidence suggests that 160 mg once daily 
is probably the appropriate antiarrhythmic dosage, par- 
ticularly for supraventricular arrhythmias. Although this 
dosage may be increased every 3 to 4 days to a maximum 
of 480 mg/day, the efficacy and safety of daily doses 
greater than this has not been critically evaluated. Fur- 
thermore, doses greater than 640 mg/day should be used 
in conjunction with careful monitoring of electrocardio- 
graphic changes, serum drug concentrations, and the pos- 
sibility of concomitant hypokalemia (particularly when 


FIGURE 4. Percentage reduction in 
exercise heart rate (EHR) after oral 
sotalol. Group 1 consisted of 5 pa- 
tients who received each dose of so- 
talol. Group 2 consisted of 5 differ- 
ent subjects who received each dose 
of sotalol. (Adapted from Eur J Clin 
Pharmacol.7°) 


% Reduction EHR 


diuretics are used concomitantly). In the treatment of 
hypertension and angina pectoris, sotalol should initially 
be given as either 80 or 160 mg once or twice daily. 
Should dosage titration be necessary after an adequate 
trial of the drug (7 to 10 days), the sotalol dose may be 
increased by an additional 40 to 160 mg; further incre- 
ments may be given, if necessary, at intervals of 2 or more 
weeks. 

In patients with reduced renal function, a careful ad- 
justment of drug dose and dosing interval is necessary. In 
cases of moderate impairment of renal function, the ini- 
tial dose should not exceed 160 mg/day and subsequent 
dose adjustment should be made on the basis of clinical 
response and serum drug concentrations. In patients with 
severely compromised renal function (e.g., glomerular 
filtration rate reduced below 25 ml/min/1.73 m2), sotalol 
should be avoided or be used with frequent monitoring of 
serum drug concentrations and the electrocardiogram. 


+ Group 1. Y=20.03+18.40x 
x Group 2. Y=22.46+20.02x 


50 100 200 400 800 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


% 
Reduction 


PHARMACODYNAMICS 

In dogs, positive correlations of sotalol plasma levels 
with inhibition of isoproterenol tachycardia and reduc- 
tion in heart rate, atrioventricular conduction, as well as 
atrial and ventricular refractoriness have been report- 
ed.'7-19 The relation between 8 blockade and time after 
sotalol in dogs indicated that although the canine plasma 
sotalol concentration correlated significantly with 6 
blockade, plasma concentrations declined at a first-order 
rate, whereas 8 blockade declined at a zero-order rate. In 
humans, the oral administration of sotalol to normal sub- 
jects (25 to 800 mg) produced a dose-related reduction to 
exercise-induced tachycardia? (Fig. 4). In addition, the 
percent reduction of heart rate during exercise was signif- 
icantly correlated with the logarithm of plasma sotalol 
concentrations (Fig. 5). Significant reductions in heart 
rate during exercise were still apparent 24 to 72 hours 


TABLE Ill Characteristics of Beta-Adrenoreceptor 
Antagonists 


Local 
Anesthetic 
Activity ISA 


Cardio- 
selectivity 


Potency 
(Propranolol = 1) 


Sotalol 
Nadolol 
Timolol 
Bunolol 
Atenolol 
Metoprolol 
Propranolol 
Labetalol 
Acebutolol 
Alprenolol 
Oxprenolol 
Pindolol 


ISA = intrinsic sympathomimetic activity. + = slight effect; ++ = moderate effect: 
+++ = marked effect; O = no effect. 
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FIGURE 5. Correlation of mean 
percent reduction of exercise heart 
rate during exercise (ordinate) with 
the logarithm of the mean plasma 
sotalol concentration (abscissa). 
(Adpted from Eur J Clin Pharma- 
col.) 


after administration of a 400-mg dose of sotalol. Similar 
results have also been reported by Harron et al.*! Ishizaki 
et al'? evaluated the percent inhibition of exercise tachy- 
cardia, as well as the absolute reduction of heart rate 
during exercise in relation to the logarithm of sotalol 
plasma levels in normal subjects. They found that the best 
relation to 8 blockade was that to absolute reduction of 
exercise heart rate. As in dogs, they found that 8 blockade 
with sotalol declined at a zero-order rate, whereas plasma 
levels declined at a first-order rate, indicating that the 
pharmacologic effect of sotalol lasts longer than its half- 
life. These investigators! also found that the plasma level 
of sotalol, although related to 8 blockade, was not corre- 
lated with the blood pressure-reducing effect. Other 
studies have also demonstrated a lack of correlation be- 
tween the plasma level of sotalol and its antihypertensive 
effect.!!.!2 

Pharmacology: Unlike all other available 8-adreno- 
ceptor antagonists (Table III), which are aryloxypropan- 
olamines, sotalol is a methanesulfonamide-substituted 
phenethanolamine (Fig. 6). Sotalol is a nonselective, 
competitive antagonist of @ adrenoceptors, devoid of 
membrane-stabilizing (except at very high drug concen- 
trations) or intrinsic sympathomimetic activity. No other 
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FIGURE 6. Chemical structure of sotalol. 








FIGURE 7. Positive inotropic effect 
of various concentrations of sotalol 
alone or in the presence of 10-* M 
propranolol or 5 x 10€ M phen- 
oxybenzamine, the latter also hav- 
ing been taken from reserpine- 
treated kittens. (Adapted from Nau- 
myn Schmiedebergs Arch Pharma- 
col.34) 


Developed tension (% of initial) 


important receptor-blocking activity of the drug has been 
reported. Although sotalol also has the ability to increase 
the action potential duration and repolarization time of 
cardiac muscle, the antiarrhythmic and relevant electro- 
physiologic correlates of the drug will not be dealt with 
here since this is the subject of another article in this 
issue.?? 

Beta-adrenoceptor antagonism: Racemic sotalol dis- 
placed *H-dihydralprenolol from guinea-pig heart and 
lung with ICsọ values of 0.80 and 0.77, respectively, indi- 
cating a lack of selectivity. Propranolol was 111 and 126 
times as potent in heart and lung, respectively (Bristol- 
Myers Company, unpublished observations). The 1-iso- 
mer of sotalol was 250 and 14 times more potent than the 
d-isomer in heart and lung, respectively. 

In a variety of isolated tissues, including the rat uter- 
ine horn,??4 rabbit and kitten right atria,24.25 rabbit and 
kitten papillary muscle,*°?’ and perfused feline heart,?> 
sotalol was found to have little or no direct effect while 
producing rightward shifts of dose-response curves to 8- 
adrenoceptor agonists. Quantitative estimates of the 6 
antagonism of sotalol and propranolol yielded 6-blocking 
potency (pA>) values of 6.4 (4 X 1077 M) for sotalol and 
8.7 (2 X 107? M) for propranolol. 

In whole animals, sotalol also produced competitive 
blockade of both 8, and 62 adrenoceptors. In anesthetized 
dogs, the threshold blocking dose of sotalol against iso- 
proterenol-induced tachycardia was 78 ug/kg adminis- 
tered intravenously, with maximal blockade occurring at 
625 ug/kg intravenously.*° In conscious rats, the oral 
dose producing 50% inhibition of isoproterenol-induced 
tachycardia was 6.3 and 15.5 mg/kg after 0.5 and 30 
hours post-treatment.'’ In various preparations of anes- 
thetized dogs, propranolol was found to be between 4 and 
10 times as potent as sotalol.*®?? The calculated pA, 
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values for racemic sotalol in anesthetized dogs was 6.6 for 
both heart rate and diastolic blood pressure changes in- 
duced by isoproterenol, whereas they were 5.4 and 5.5 for 
d-sotalol and 6.8 and 7.1 for l-sotalol, respectively.2° The 
large differences in the in vitro and in vivo potencies of 
sotalol compared with propranolol are undoubtedly relat- 
ed to the total bioavailability of sotalol compared with the 
poor bioavailability of propranolol and other agents. 

The relative characteristics of sotalol to other G-adre- 
noceptor antagonists with respect to potency, local anes- 
thetic (membrane stabilizing) activity, intrinsic sympa- 
thomimetic activity and cardioselectivity are listed in Ta- 
ble III. 

Myocardial actions and hemodynamics—in vitro ef- 
fects: Racemic sotalol and both the d and | isomers of 
sotalol cause similar increases in the action potential du- 
ration (APD) of cardiac tissue (for review, see Singh et 
al>'). Associated with the increase in APD is an increase 
in cardiac contractility by racemic sotalol as well as its d 
and |-isomers. In 1968, Kaumann and Olson?? first re- 
ported that sotalol caused concentration-dependent (2 X 
1076 to 6 X 1074 M) increases in the contractility of 
isolated kitten papillary muscles. Similar positive inotro- 
pic effects have been reported for isolated adult canine 
trabecular and Purkinje fibers. In contrast to 13 other 8 
blockers, sotalol was reported to have no stimulant effect 
on left atria or spontaneous heart rate of right atria of 
guinea pigs or kittens.*4 The cardiac stimulant effect of 
sotalol was modest, increasing tension approximately 20 
to 40% above control values. Unlike the positive inotropic 
effects of dichloroisoproterenol DCI, pronetholol, alpren- 
olol and pindolol, those of sotalol were not reduced by 
reserpine pretreatment, or prior œ- and -receptor block- 
ade by phenoxybenzamine and propranolol, respectively 
(Fig. 7).°4 Thus, the inotropic effect of sotalol is not due 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


500 msec 


FIGURE 8. A, control effects of sotalol (2 x 10-3 M) on feline 
papillary muscle. B, 97 minutes after washout. Note the oscil- 
lation: ac = aftercontraction. (Adapted from Science.%7) 


to intrinsic sympathometic activity of the drug but, rath- 
er, appears to be related to ionic changes that are also 
responsible for the increase in APD. This has been 
variously attributed to an inhibition of the i, or time- 


dependent K+ current,’ an increase in the magnitude of 
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the slow inward Ca2+ current,3233 or an induction of 
Nat-Ca?+ exchange.*? 

Like the increase in APD caused by sotalol, the posi- 
tive inotropic effect is also inversely related to cardiac 
rate. 3334 

An interesting feature of the positive inotropic effect 
of sotalol is aftercontraction (the late tonic component 
after partial relaxation from contraction). After high 
concentrations of sotalol (>1074 M), the APD becomes 
markedly prolonged and, during the sustained plateau, 
the membrane potential begins to oscillate and is associ- 
ated with an aftercontraction.**°® An example of the 
cardiac stimulant effects of sotalol in kitten papillary 
muscles as well as the aftercontraction at high concentra- 
tions is shown in Figure 8. The aftercontraction is related 
to Ca2+ because doubling the calcium concentration in 
the external solution increased the aftercontraction in- 
duced by sotalol over 300%.?? Like both the APD prolon- 
gation and positive inotropic activities of sotalol, the mag- 
nitude of the aftercontraction appears to be inversely 
related to cardiac frequency.*?*4 

The membrane oscillation over the plateau range of 
the action potential induced by sotalol may have clinical 
relevance since it may be causally related to an unusual 
arrhythmia accompanying sotalol usage, namely torsades 
de pointes. This arrhythmia is often associated with 
marked bradycardia, prolonged QT, hypokalemia and 
high doses of sotalol, and appears to be initiated by trig- 
gered activity.??37-38 

In vivo effects in experimental animals: [ntracoro- 
nary injections of sotalol (17 to 4,400 ug) in anesthetized 
dogs had no effect on coronary flow, coronary vascular 
resistance, heart rate, contractile force or mean arterial 


%A Contractile force 


-20 
%A Heart rate 


FIGURE 9. Percentage reductions in aortic flow (A) and contractile force (B) at the simultaneously recorded percent decreases in 
heart rate after each of 3 intravenous doses of sotalol (0.5, 2, and 8 mg/kg) or propranolol (0.0625, 0.25, and 1 mg/kg) in sep- 
arate groups of 5 to 8 reserpine-treated atropinized dogs. Mean values + standard error of the mean are indicated. (Adapted 


from Arch Int Pharmacodyn Ther.7°) 
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FIGURE 10. Hemodynamic changes in 30 patients with an acute myocardial infarction of less than 12 hours’ duration after 40 


to 120 mg of intravenous sotalol. CO = cardiac 
lary wedge pressure. (Adapted from South Afr Med J.) 


perfusion pressure.*> When infused at a constant rate of 
0.31 mg/kg/min (as opposed to a bolus injection) to 
anesthetized dogs, sotalol had no effect on cardiac output, 
mean arterial blood pressure and total peripheral or pul- 
monary resistance, while actually increasing stroke vol- 
ume despite a reduction in heart rate.*> In anesthetized 
baboons, sotalol decreased cardiac output and heart rate, 
but stroke volume, left ventricular (LV) stroke work in- 
dex and renal blood flow were unchanged.*° 

At equiactive 6-blocking doses, in both the presence 
and absence of sympathetic tone (reserpine pretreatment 
and atropine), propranolol caused greater decreases in 
both right ventricular contractile force and LV dP/dt, 
and greater elevations in LV end-diastolic pressure than 
sotalol in an aortic bypass model in anesthetized dogs.”® 
Furthermore, for any given decrease in heart rate, pro- 
pranolol caused greater depression of myocardial con- 
tractility than did sotalol (Fig. 9). 

Effects in patients with heart disease: The modest 
cardiac stimulant effects of sotalol in vitro and the rela- 
tive lack of intrinsic negative inotropy in vivo in animals 
appear to be reflected in human hemodynamic studies. In 
patients with cardiac disease, sotalol administered at an 
i.v. dose of 0.2 mg/kg caused significant reductions in 
heart rate, systolic pressure, cardiac output and external 
cardiac work, whereas systolic pressure, pulmonary arte- 
rial pressure, stroke volume and systemic vascular resis- 
tance were unchanged.” In a second group of patients, 
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; MAP = mean arterial blood pressure; PCWP = mean pulmonary capil- 


sotalol decreased LV dP/dtmax with no change in LV end- 
diastolic pressure.*° 

Similar results in patients with cardiac disease were 
obtained by Thumala et al,*! who found that 0.34 mg/kg 
of i.v. sotalol caused reductions, both at rest and during 
exercise, of heart rate, cardiac index, LV dP/dt and LV 
work. LV end-diastolic pressure was elevated while pul- 
monary resistance and pressure were unchanged. In pa- 
tients with cardiac failure, i.v. doses of sotalol ranging 
from 0.2 to 0.6 mg/kg reduced heart rate and cardiac 
Output with no change in stroke volume or LV end-dia- 
stolic volume. 

In patients with acute myocardial infarction, i.v. sota- 
lol (administered to a plasma level of 1.4 ug/ml) given 
within 24 hours of onset caused significant reductions in 
heart rate, systolic blood pressure and cardiac output 
with an additional, although transient, reduction in stroke 
volume. Both the systolic and diastolic pulmonary arteri- 
al pressures were slightly but significantly increased after 
administration of sotalol.*? 

Recently, Lloyd et al examined the effects of i.v. 
sotalol (40 to 120 mg) in 28 patients with an acute myo- 
cardial infarction (mean of 6 hours after chest pain) and 
documented arrhythmias. Sotalol reduced heart rate and 
mean arterial pressure with no change in pulmonary cap- 
illary wedge pressure or systemic vascular resistance 
(Fig. 10). LV end-diastolic volume was unchanged in all 
but 4 patients with sotalol; in these 4, it was significantly 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 
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FIGURE 11. Radionuclide derived left ventricular end-diastolic 
volume before and after sotalol, 40 to 120 mg/kg adminis- 
tered intravenously as in Figure 10. Large circles indicate pa- 
tients in whom left ventricular end-diastolic volume decreased 
after sotalol administration (Adapted from South Afr Med 
J.43) 


reduced (Fig. 11). Ejection fractions before sotalol was 
given (48.7 + 15.5%) were not significantly altered by the 
drug (50.3 + 16.4%); thus, stroke volume remained con- 
stant. 

Thus, the hemodynamic effects of i.v. sotalol were 
consistent in patients with many types of heart disease, 
even with congestive heart failure or acute myocardial 
infarction. The effects are those expected with a 6-adre- 
noceptor antagonist with little or no negative intrinsic 
inotropic activity and are characterized by a reduction in 
cardiac output largely mediated by a reduction in heart 
rate with stroke volume and other measures of LV func- 
tion being largely preserved. 

Results similar to those observed with i.v. sotalol have 
been observed with oral sotalol in patients with frequent 
and repetitive ventricular premature complexes (230/ 
hour) and depressed cardiac function (mean ejection 
fraction 43 + 15%). Sotalol (either 160 or 320 mg given 
twice daily) caused significant reductions in heart rate 
and systolic blood pressure at rest and during exercise, 
whereas cardiac index was unchanged.** LV ejection 
fraction, end-diastolic (but not systolic) volume index and 
stroke volume index actually increased in these patients. 
Thus, despite reductions in heart rate and increases in LV 
end-diastolic volume, sotalol did not adversely affect car- 
diac function because cardiac index and LV systolic vol- 
ume did not change. Moreover, ejection fraction actually 
increased in patients whose arrhythmias were controlled 
and who had significant underlying heart disease. 

Similar results were reported by Burckhardt et al* in 
patients with coronary artery disease and frequent com- 
plex arrhythmias. Oral sotalol (320 mg given 4 times 
daily) significantly reduced heart rate and systolic blood 
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pressure both at rest and during exercise. However, the 
ejection fractions of patients receiving placebo or sotalol 
both at rest (43.8 + 4.0% vs 44.6 + 3.4%) and during 
exercise (41.3 + 5.8% vs 44.8 + 4.9%) were not different. 


CONCLUSIONS 

Sotalol has virtually ideal pharmacokinetics and a 
unique pharmacodynamic profile. Its 6-antagonistic and 
unique class III electrophysiologic activity along with its 
favorable associated hemodynamic profile contribute to 
its desirability as a particularly useful agent for both 
ventricular and supraventricular arrhythmias. 
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Concentration/Response Relations for the 
Multiple Antiarrhythmic Actions of Sotalol 


Raymond L. Woosley, MD, PhD, Jean T. Barbey, MD, Ted Wang, MD, 
and Christian Funck-Brentano, MD 





Sotalol, one of the first 6-receptor antagonists syn- 
thesized, is a promising investigational agent with 
remarkable efficacy for treatment of patients with 
ventricular and supraventricular arrhythmias. Un- 
like other 8 blockers, sotalol also possesses class Ill 
antiarrhythmic action, evidenced by prolongation of 
the myocardial action potential duration. This addi- 
tional action probably accounts for the greater anti- 
arrhythmic efficacy of sotalol compared with other 
B blockers. 

Sotalol’s class Ill antiarrhythmic action becomes 
apparent at concentrations higher than those nec- 
essary for significant 6-receptor antagonism, both 
in vitro and in human subjects. In a study correlat- 
ing dosage and antiarrhythmic response with pro- 
longation of rate-corrected QT (QTc) (a measure of 
class Ill action) and the degree of -receptor block- 
ade (assessed by the reduction of the maximal ex- 
ercise-induced heart rate), 11 of 17 patients had an 
antiarrhythmic response. Eight of these 11 re- 
sponders had been unresponsive to conventional 6- 
receptor antagonists. The plasma concentration as- 
sociated with significant QTc prolongation (2.55 
ug/ml) was found to be much greater than that as- 
sociated with 50% reduction in maximal slowing of 
heart rate (0.8 ug/ml). As with other -receptor an- 
tagonists, the activities of sotalol’s 2 stereoisomers 
differ, with the I-isomer having far more -blocking 
activity. However, both isomers have equal class Ill 
antiarrhythmic activity. When increasing doses of 
the d-isomer of sotalol (50 to 400 mg every 12 
hours) were evaluated in patients with chronic ven- 
tricular arrhythmias, arrhythmia frequency was 
suppressed >80% in 3 patients and 50% in 1 pa- 
tient. With 800 mg/day, QTc was prolonged by 
12.3 + 7% (p <0.01) and the decrease in heart 
rate at rest by 19.3 + 8.4% (p <0.05) and during 
peak exercise by 12.3 + 7% (p <0.001) compared 
with placebo. One interpretation of the observed 
slowing of the heart rate could be that d-sotalol has 
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clinically significant B-receptor antagonist proper- 
ties. However, a comparison of the effects of d-so- 
talol with those of atenolol (a 6-blocker without 
class Ill activity) on indicators of §-receptor antago- 
nism showed that d-sotalol slows heart rate pre- 
dominantly by prolonging repolarization. d-Sotalol 
reduces heart rate predominantly at short cycle 
lengths, when action potential duration has its 
maximal contribution to heart rate. Furthermore, 
the degree of reduction in exercise heart rate with 
d-sotalol correlated with the increase in QT inter- 
val, and d-sotalol did not alter blood pressure. 
Therefore, the conclusion of these studies is that d- 
sotalol is an effective antiarrhythmic agent due pre- 
dominantly to its class Ill action. Racemic sotalol 
has predominantly 6-blocking activity at low dos- 
ages and has increasing degrees of class Ill antiar- 
rhythmic action at higher dosages. 

(Am J Cardiol 1990;65:22A-27A) 


antagonist lacking in intrinsic sympathomimetic 

activity or membrane-stabilizing effects. It is effec- 
tive in the treatment of supraventricular tachycardia,'~ 
in the suppression of ventricular premature complexes 
(VPCs) and nonsustained ventricular tachycardia,?+*’ 
and in the treatment of inducible sustained ventricular 
tachycardia.®!° Sotalol’s electrophysiologic actions were 
seen to differ significantly from those of other 6-receptor 
blocking agents,'! and subsequent investigations compar- 
ing sotalol’s degree of antiarrhythmic efficacy to that of 
propranolol revealed that this difference held true for this 
parameter as well.!! 

Sotalol’s pharmacologic properties have been de- 
scribed; however, their clinical significance and the range 
of concentrations over which these properties are dis- 
played vary considerably. The atrial, but not the ventricu- 
lar, effective refractory period is increased with low intra- 
venous doses of sotalol (0.4 mg/kg),'!? whereas higher 
doses increase both the atrial and ventricular effective 
refractory period,®!? the monophasic action potential du- 
ration, and QTc.!*!> In vitro data show that concentra- 
tions associated with significant slowing of the sinoatrial 
node conduction in rabbit atrial tissues are lower than 
those at which action potential and effective refractory 
period prolongation are observed in canine Purkinje fi- 


: otalol is an investigational nonselective 6-receptor 





TABLE | Patient Characteristics 
No. of Pts. 


Prior lack of response to 6-receptor antagonists 
Propranolol (240 to 320 mg/day) 
Timolol (40 to 80 mg/day) 
Atenolol 
Metoprolol 

Prior response to 8-receptor antagonists 
Timolol (20 mg/day) 


Reprinted with permission from Am J Cardiol.© 


bers (1074 vs 10-3 M, respectively),!> suggesting that 
these effects might be dissociable. In our studies of pa- 
tients receiving sotalol therapy, substantial @ blockade is 
evident at plasma concentrations generally lower than 
those associated with QTc prolongation. 

Sotalol’s electrophysiologic effects do differ from 
those associated with 6-receptor blockade, in that they 
occur predominantly at concentrations higher than those 
producing -receptor antagonism.!:!®!7 Both in vivo and 
in vitro studies have revealed that sotalol increases the 
action potential duration and effective refractory period 
without changing conduction velocity or the slope of the 
phase 0 upstroke of the cardiac action potential.!3:!4.!6.18 
The increased refractoriness is thought to be due to time- 
dependent block of the outward potassium current.!? 

A study of patients with nonsustained ventricular ar- 
rhythmias” showed an increase in the proportion of pa- 
tients successfully treated with sotalol as the dosage was 
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increased from 160 to 640 mg/day. However, no data on 
plasma concentration, 8 blockade or change in QTc were 
reported for this group. 


CONCENTRATION-DEPENDENT 
PHARMACOLOGIC PROPERTIES 
OF SOTALOL 

The concentration dependence of sotalol’s 8-receptor 
and class III antiarrhythmic effects was reported! in a 
population of patients with chronic high-frequency, 
asymptomatic, ventricular arrhythmias (Table I). 
Twelve of these 17 patients had previously demonstrated 
a lack of response to therapy with 6-receptor antagonists 
(Table I). Current antiarrhythmic medication was with- 
held for at least 4 elimination half-lives, and arrhythmia 
frequency was then assessed using continuous telemetric 
electrocardiographic monitoring and recording during an 
initial 2-day, baseline placebo period. Laboratory tests 
and 2 treadmill tests (1 for training) using the standard 
Bruce protocol were also performed. Patients having at 
least 1 VPC per minute during the drug-free baseline 
period were entered into a dose-ranging stage. Initially, 
sotalol was administered once daily; however, due to the 
development of torsades de pointes in 1 of the first 7 
patients, the regimen was changed to divided dosages 
given twice daily (10 patients). Patients received 160 mg/ 
day of sotalol for the first 3 days. Steady-state equilibri- 
um was assumed to have been reached on the third day, 
and immediately preceding the morning dose on this day, 
a 12-lead resting electrocardiogram (ECG), 24-hour am- 


Document 
arrhythmia 
return 


WITHDRAWAL ——+ REINSTITUTION 
(confirm = 70% 
VED supression) 


Arrhythmia Evaluation (24 hour recorded) 
and Predose ECG and Treadmill 


FIGURE 1. Protocol for evaluation of dosage, §-adrenergic receptor blocking activity, and antiarrhythmic response during a 
study of the effects of sotalol in patients with chronic, high-frequency ventricular premature complexes. On the third day at a 
given sotalol dosage (when steady-state equilibrium was assumed to have been achieved), a treadmill exercise test, electrocardi- 
ography (ECG) and 24-hour recorded arrhythmia evaluation were performed. Once a dosage was found to produce >70% sup- 
pression of the arrhythmia, placebo was substituted for active drug. Placebo therapy was maintained until arrhythmia frequency 
returned to at least 50% of baseline, at which time the previously effective dosage of sotalol was reinstituted to confirm antiar- 
rhythmic response. VED = ventricular ectopic depolarization. (Reprinted with permission from Am J Cardiol.°®) 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 






TABLE II Antiarrhythmic Response to Sotalol 
11 


Confirmed response 













Response not confirmed 1 
No response to maximal dosage 2 
Excluded from study 

(highly variable baseline VPCs) 1 
Withdrew due to adverse effects 

Torsades de pointes (640 mg/day) 1 

Gastrointestinal symptoms (640 mg/day) 1 





VPCs = ventricular premature complexes. 
Reprinted with permission from Am J Cardiol.® 


bulatory ECG recording, exercise treadmill test and 
blood sample for measurement of trough plasma sotalol 
concentration were obtained. Arrhythmia suppression 
was defined as 70% or greater VPC reduction in 24-hour 
arrhythmia frequency compared with baseline. In the 
absence of arrhythmia suppression or limiting adverse 
effects, dosage was sequentially increased to 320, 640 or 
960 mg/day, again given for 3 days (Fig. 1). 

Sotalol was discontinued if arrhythmia suppression 
was achieved with less than the maximal dosage, or when 
the maximal dosage (960 mg/day) was reached. On the 
morning of the last dose, blood samples were obtained 


VEDs (% of Baseline) 


160 320 640 


before dosage and again at 15 times over the subsequent 
72 hours. Placebo was substituted for sotalol, and ar- 
rhythmia quantitated either for 3 days or until arrhyth- 
mia frequency returned to >50% of baseline, whichever 
was longer. For those patients who had demonstrated 70 
to 100% suppression of VPCs, the apparently effective 
sotalol dose was reinstituted for 3 days. 

Reduction in the maximal exercise-induced heart rate 
was used as an index of 8-blockade, with the data being 
fitted to the Hill equation: R = (Rmax)(C)/(Cso + C) 
where C is measured plasma sotalol concentration, R is 
observed percent reduction of the maximal exercise heart 
rate, Rmax is maximal reduction in heart rate expressed as 
a percentage (fitted), and Cso is sotalol concentration at 
which 50% of Rmax occurred (fitted). Given the observed 
C and R values, a computer program (SAAM 27) was 
used to determine the most appropriate values for Rmax 
and Cs. Measurement of arrhythmia frequency, sotalol 
plasma concentration, and determination of sotalol elimi- 
nation half-life and oral clearance are described by Wang 
et al.® 

Unlike the case of agents having complex pharmaco- 
kinetics and active metabolites, the route of sotalol ad- 
ministration has little affect on the effects observed. For 
each patient in this study, the trough plasma concentra- 
tion of sotalol increased linearly as the oral dosage was 





960 
Total Daily Dosage Dosage (mg) 


Withdrawal Reinstitution 


FIGURE 2. Relation between sotalol dosage and arrhythmia frequency in 16 patients with chronic high-frequency ventricular 
premature complexes. Data for the 11 patients having a confirmed antiarrhythmic response to sotalol are shown by solid lines. 
One patient’s response was not confirmed (squares), 2 patients failed to respond even at the maximal dosage (circles), and 2 
patients experienced adverse reactions (torsade de pointes [triangles] and gastrointestinal side effects [squares]). (Reprinted 


with permission from Am J Cardiol.®) 
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increased. After termination of sotalol dosage, plasma 
concentrations decreased exponentially, with the elimina- 
tion half-life ranging from 9.5 to 28.3 hours (mean of 
15.9 + 1.5). The elimination half-life was 20 hours or 
longer in 4 patients. Sotalol’s oral clearance ranged from 
118 to 386 ml/min (mean 192 + 19). 

Eleven of the 17 patients had a reproducible antiar- 
rhythmic response to sotalol (Table II) and 4 of these 
continued to receive therapy 2 and 3 years later. In the 
remaining 6 patients, sotalol was discontinued because of 
adverse effects (dyspnea, bradycardia, and psychosis [3, 1 
and 1 patient, respectively |), or recurrence of arrhythmia 
(2 patients, 1 each at 7 and 20 months). The effect of 
increasing sotalol dosage on VPC frequency is shown in 
Figure 2. 

The relation between sotalol plasma concentration 
and VPC suppression, QTc lengthening and reduction in 
exercise heart rate is shown in Figures 3 and 4. The 
concentration predicted to produce 50% reduction in 
maximal heart rate (Cso) was 804 ng/ml (at an estimated 
oral dosage of 282 mg/day), a value considerably lower 
than the concentration associated with significant in- 
creases in QTc (2,550 ng/ml reached at a mean oral 


FIGURE 3. Relation between sotalol 
plasma concentration and cardiac 
electrophysiologic response—mea- 
sured prolongation of QTc over 
baseline. The lower 95% confi- 
dence limit rises above baseline at a 
sotalol concentration of 2,550 ng/ 
mi. (Reprinted with permission from 
Am J Cardiol.®) 


_—-~ 
@® 
Cc 
(eb) 
u) 
wo 
OQ 
uw 
O 
+ 
cC 
® 
O 
_ 
® 
oN 
w 
O 
= 
O 


FIGURE 4. Beta-adrenergic recep- 
tor blockade, measured as percent 
reduction (R) in exercise heart rate, 
as a function of plasma sotalol con- 
centration. Rmax = maximal mod- 
eled reduction, C59 = concentration 
(C) producing 50% of Rmax (Re- 
printed with permission from Am J 
Cardiol.®) 


Reduction in exercise heart rate 
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dosage of 969 mg/day). Suppression of VPCs occurred at 
low sotalol concentration (less than 1,000 ng/ml) in 6 of 
11 patients responding and at 1,300 to 3,400 ng/ml in the 
other 5 responders (Fig. 5). Three of the patients who had 
previously failed to respond to other 8-receptor antago- 
nists (and the 1 patient who had responded to timolol) 
responded to low concentrations of sotalol. Thus, when 
dosage was correlated with action potential duration and 
the degree of 6-receptor blockade, not only did a signifi- 
cant number of patients demonstrate an antiarrhythmic 
response, but also plasma sotalol concentrations associ- 
ated with the 2 effects were found to be different. 


EFFECTS OF d-SOTALOL 

The dextroisomer of sotalol (d-sotalol) possesses the 
repolarization-prolonging effects of racemic sotalol while 
having only minimal 6-blocking properties. Its efficacy 
and safety were tested in 8 patients with chronic ventricu- 
lar arrhythmias who had not responded to several (5 + 
3.9) other antiarrhythmic drugs, and who had also failed 
to respond to trials of several 6-receptor blocking agents. 

After a placebo period, each patient received increas- 
ing doses of d-sotalol (50 to 400 mg every 12 hours) for 3- 


2000 3000 4000 5000 


Plasma concentration (ng/ml) 


p -Cx Rmax 
Sate ~C + Ceo 


cesses 


Rmax 51.1% 
Cso 804 ng/ml 
f= 3£87 
p <.001 
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Percentage of patients 
NO 
gi 


Beta-blocker responsive 
Beta-blocker failure 


Responsive to other 
Beta blockers unknown 


FIGURE 5. Relation between plas- 
ma sotalol concentration and the 
percentage of patients demonstrat- 
ing >70% arrhythmia suppression 
Eight of these patients had previ- 
ously failed to respond to other f- 
adrenergic receptor inhibitors (tri- 
angles), 1 had responded to timolol 
(squares) and 2 had not been evalu- 
ated (circles). See Table I for details 





3000 


1000 2000 


Plasma concentration (ng/ml) 


(% of Baseline) 


Compared to Baseline 


Placebo 100 200 400 


Daily d-Sotalol Dose (mg) 


day periods. Ventricular arrhythmias were suppressed 
by >80% in 3 of the 8 patients given dosage regimens of 
200 mg every 12 hours (n = 2) or 400 mg every 12 hours 
(n = 1). Ventricular arrhythmias were suppressed 50% in 
1 patient receiving 200 mg every 12 hours. Increasing d- 
sotalol from 200 mg every 12 hours to double that 
amount every 12 hours caused fatigue and malaise in 
more than one-half of the patients (4 of 7) but substan- 


TABLE Ill Comparison of Effects of d-Sotalol and Atenolol 


d-Sotalol Atenolol Placebo 


47.7 +5.5t 
1.84 1.1t 
57.0 4 7.6t 
150.2 + 10t 
147.5 + 10t 
397.9 + 19 


58.4 + 6.8 
1.0 0.5 
85.4 + 9.3 
178.4 + 8.2 
163.7 + 23 
400.3 + 31 


54.4 + 7.5* 
2.3 4 1.31 
71.9 + 13*t 
164.7 + 11*1 
159.0 + 24* 
449.5 + 32*1 


Resting HR (beats /min) 
CDos (ug) 
Standing HR (beats /min) 


Peak HR (beats /min) 
Peak systolic (mm Hg) 
QTc (ms) 


* p <0.05 vs atenolol. 

t p <0.05 vs placebo. 

BP = blood pressure (mm Hg); CD25 = dose of isoproterenol raising heart rate 25 
beats/min; HR = heart rate. 

Adapted from Clin Res.?? 
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of previous dosage. (Reprinted with 
permission from Am J Cardiol.®) 


4000 5000 


FIGURE 6. QTc prolongation as a 
function of daily d-sotalol dosage. 
d-Sotalol was administered orally to 
8 patients with chronic ventricular 
arrhythmias. After a placebo peri- 
od, each patient received increasing 
doses of d-sotalol (50 to 400 mg 
every 12 hours) for 3-day periods. 
See the text for further details. SD 
= standard deviation. 


P < 0.05 


800 Washout 


tially improved arrhythmia suppression in only 1 patient. 
When compared with placebo, changes in electrophysio- 
logic parameters measured at a dosage of 800 mg/day of 
d-sotalol were 13 + 9% prolongation of QTc (p <0.01). 
The relation between sotalol dosage and QTc prolonga- 
tion is shown in Figure 6. These results prove antiarrhyth- 
mic activity for the d-isomer of sotalol in humans.?! How- 
ever, the reduction in heart rate raised the possibility that 
d-sotalol may have significant 6-receptor blocking prop- 
erties. Whether this was because of contamination by l- 
sotalol or inherent pharmacologic properties was unclear. 

A recent study??? revealed that the mechanism of the 
decrease in heart rate produced by d-sotalol is predomi- 
nantly due to prolongation of repolarization, correlating 
with prolongation of the QT interval. This was deter- 
mined in a double-blind, randomized study performed on 
healthy subjects that compared the effects of d-sotalol 
with those of another 6-adrenergic antagonist, atenolol, 
and placebo. Using treadmill exercise and isoproterenol 
tests, d-sotalol was found to produce a significant reduc- 
tion in heart rate only at short cycle lengths when the 
action potential duration in the sinoatrial node would 





have its maximal contribution to heart rate. This was in 
contrast to the effects of atenolol, which reduced heart 
rate at all cycle lengths (Table III). The reduction in 
exercise heart rate with d-sotalol correlated with the in- 
crease in QT interval (p <0.05, r = 0.75), and, unlike 
atenolol, d-sotalol did not reduce blood pressure, an ac- 
tion seen during effective 8 blockade. 


CONCLUSION 

Sotalol is a unique 8-receptor blocking agent that may 
prove especially beneficial for patients because of its dual 
pharmacologic actions. Whereas d-sotalol appears to be 
an effective antiarrhythmic agent predominantly because 
of its class III action, racemic sotalol produces 8-adrener- 
gic receptor blockade at lower dosages and displays in- 
creasing degrees of class III antiarrhythmic action at 
higher dosages. Because of its additional actions, sotalol 
possesses greater antiarrhythmic efficacy than is found 
with the other 6-receptor antagonists. 


Acknowledgment: We thank Rosemary Hoffman for 
providing editorial assistance. 
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Hemodynamic Effects of Intravenous and 
Oral Sotalol 


John J. Mahmarian, MD, Mario S. Verani, MD, and Craig M. Pratt, MD 


Beta-adrenergic blocking agents may have negative 


inotropic effects that are particularly worrisome in 
patients with depressed cardiac function. Their 
membrane-stabilizing properties may be a contrib- 
uting factor. Sotalol is currently thought not to 
cause significant myocardial depression. Intrave- 
nous sotalol administration has minimal effects on 
resting stroke volume, although heart rate and con- 
sequently cardiac output are significantly de- 
creased. Systolic blood pressure decreases, with a 
minimal change in diastolic or mean pressure. He- 
modynamic effects are usually seen within 15 to 20 
minutes of administration. 

Hemodynamic indexes are maintained even in 
patients with mildly depressed ejection fractions 
(mean ejection fraction of 43 + 15%) after oral so- 
talol administration. Although heart rate decreases, 
cardiac index is unchanged because of a significant 
increase in stroke volume index. The latter results 
from an increase in preload (secondary to brady- 
cardia) and a decrease in afterload. Sotalol is well 
tolerated, although occasionally it may cause wors- 
ening heart failure. This is seen in patients with 
markedly depressed left ventricular function and in- 
adequate cardiac reserve characterized by an in- 
ability to increase stroke volume and cardiac output 
with exercise. Long-term (1-year) patient follow-up 
reveals no significant hemodynamic deterioration 
from initial values obtained after oral administra- 
tion. 

(Am J Cardiol 1990;65:28A-34A) 
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lol as reported in both animal and human studies. 

Sotalol is a unique 6 blocker that lacks the mem- 
brane-stabilizing properties of more traditional nonselec- 
tive 8 blockers, although it possesses class III antiarrhyth- 
mic effects. Beta blockers are generally regarded as nega- 
tive inotropic agents and must be used cautiously in 
patients with depressed left ventricular (LV) function or 
clinical heart failure. These restrictions in use are the 
result of both early animal studies and numerous human 
investigations demonstrating myocardial depression from 
their negative chronotropic effects, -receptor blockade 
and the membrane-stabilizing properties of certain 
agents. 


T his report reviews the hemodynamic effects of sota- 


HEMODYNAMIC EFFECTS OF BETA 
BLOCKERS IN ANIMAL MODELS 

The hemodynamic changes observed during acute ad- 
ministration of propranolol! and sotalol!->5-8 have been 
reported by several investigators. Intravenous sotalol (0.5 
to 16 mg/kg) and propranolol (0.01 to 5 mg/kg) cause a 
dose-related decrease in rate-dependent parameters of 
myocardial contraction in animals,!->6-8 although at any 
given heart rate sotalol appears to have less of a myocar- 
dial depressant effect.! In 1 study,! sotalol increased 
stroke volume (8 to 24%) at a similar LV end-diastolic 
pressure, whereas propranolol minimally changed stroke 
volume despite a significant increase in LV filling pres- 
sures. Because heart rate can dramatically alter myocar- 
dial contractility, the effects of propranolol (0.2 mg/kg) 
were studied by Whalen et al? over a range of fixed paced 
rates. Propranolol significantly decreased cardiac output, 
stroke volume and ejection fraction (EF) but increased 
end-systolic volume despite little change in mean blood 
pressure (afterload). This study, however, did not address 
the relative contribution of 6-receptor blockade, per se, 
and any other intrinsic drug effect on the hemodynamic 
changes observed with propranolol. 

In an attempt to clarify this issue, Aberg et al’ report- 
ed the effects of intravenous sotalol and propranolol in the 
cat. Sotalol significantly decreased mean blood pressure 
and heart rate but had little effect on cardiac output 
because of an increase in stroke volume. Propranolol like- 
wise decreased blood pressure and heart rate, but cardiac 
index decreased owing to a lack of increase in stroke 
volume. In the isolated cat papillary muscle, sotalol (0.1 
mg/ml) did not diminish contractile force to electrical 
stimulation, whereas propranolol decreased contractile 
force by 32% at low (0.001 mg/ml) and up to 50% at 
higher (0.01 mg/ml) concentrations. Other investigators 





have reported similar in vitro results.°! These data 
would suggest that propranolol, unlike sotalol, has an 
intrinsic myocardial depressant action beyond its B- 
blocking properties. This conclusion has been further sup- 
ported in dogs after catecholamine depletion with reser- 
pine. In normal dogs, peak LV dP/dt decreases after 
administration of sotalol (1 to 6 mg/kg) despite cardiac 
pacing at a constant heart rate, and maintenance of a 
similar aortic pressure (afterload) and LV end-diastolic 
pressure (preload).’ However, in catecholamine-depleted 
animals, sotalol does not decrease peak LV dP/dt beyond 
control values.’ Hoffmann et alf compared the effects of 
propranolol (0.1 to 3.2 mg/kg) and sotalol (0.5 to 16 mg / 
kg) in normal dogs and in dogs that were given reserpine 
and paced at a constant heart rate. A dose-dependent 
decrease in contractile force (dF /dt) (Table I) was found 
with sotalol, although this was more pronounced after 
administration of equipotent doses of propranolol. Most 
of the decrease in contractile force observed in normal 
animals was abolished after reserpine administration, in- 
dicating that sotalol has minimal effects on contractility 
beyond its -blocking properties. Although propranolol 
exhibited an independent myocardial depressant effect, 
this was observed predominantly at intravenous doses 
> 1.6 mg/kg, which are several-fold higher than clinically 
administered doses. 

These data have been extended to 8 blockers with 
intrinisic sympathomimetic activity. Goldstein et al? 
found a significant decrease in dF/dt over a range of 
decreasing heart rates with propranolol, sotalol and prac- 
tolol in dogs pretreated with isoproterenol. However, in 
catecholamine-depleted animals, practolol increased 
while propranolol decreased dF/dt at doses >0.64 mg/ 


kg. Fitzgerald et al’ reported a consistent decrease in dP/ 
dt after administration of propranolol, sotalol or practolol 
in dogs paced at fixed heart rates. However, in catechol- 
amine-depleted animals, propranolol at doses >2.5 mg/ 
kg continued to reduce dP/dt, whereas sotalol and prac- 
tolol did not affect baseline dP/dt up to doses of 20 and 82 
mg/kg, respectively. 


HEMODYNAMIC EFFECTS OF 
BETA-BLOCKERS IN HUMANS 

The hemodynamic effects of 8 blockers have been 
extensively reported in normal subjects and in patients 
with heart disease. Propranolol frequently is used as a 
prototype agent and has similar hemodynamic effects in 
humans and animals. 

In normal subjects, propranolol! !-!6 decreases heart 
rate moderately at rest (10 to 20%) and markedly during 
exercise. This heart rate reduction accounts in great part 
for the observed decline in rest and exercise cardiac in- 
dex, although LV stroke volume also decreases (up to 
22%).'*-!4.16 Furthermore, propranolol (80 mg adminis- 
tered 4 times daily) significantly decreases upright rest 
and exercise radionuclide LVEF (—8 and —12%, respec- 
tively) concomitant with a significant increase in end- 
systolic volume (30 and 105%, respectively).'4 Similar 
declines in exercise LVEF after propranolol (100 mg 4 
times daily) have been reported using supine gated radio- 


TABLE! Myocardial Contractile Force (Propranolol Versus 
Sotalol) 


Normal Dogs, 


Contractile 
Force (%) 


100 

68.8 + 10.3 
62.1 + 12.9 
56.1 + 15.3 
39.0 + 14.2 


100 

73.9.2 19.3 
67.6 + 15.6 
62.1- £177 
56.5 + 17.8 


Reserpinized Dogs, 


Contractile 
Force (%) 


Propanolol 


100 

87.0 + 9.6 
82.0 + 12.3 
71.8 + 13.8 
54.7 + 54.7 


100 

92.0 + 4.8 
90.4 + 7.0 
84.5 + 10.6 
81.1 +47.5 


nuclide angiography (RNA), although rest LVEF is 
maintained. This suggests that 8-adrenergic tone is more 
important in maintaining cardiac function while upright 
than during supine rest, but equally important in both 
body positions for augmenting cardiac function during 
exercise. Whether an intrinsic negative inotropic effect 
beyond 6 blockade contributes to these hemodynamic 
changes after propranolol has not been adequately ad- 
dressed. 

In patients with coronary artery disease who have no 
clinical heart failure,!*!7-22 intravenous (0.15 mg/kg) or 
oral (40 mg 4 times daily) propranolol reduces heart rate 
(5 to 22% and 7 to 29%) and cardiac output (15 to 27% 
and 16 to 25%) at rest and during exercise, respectively. 
Systolic blood pressure variably decreases at rest, and 
stroke volume!2.!*.20-22 is consistently lower despite eleva- 
tions in LV filling pressure.'*!82! In 1 report,!’ rest 
LVEF was maintained in patients with normal baseline 
cardiac function (LVEF of 53%) after propranolol (40 
mg 4 times daily), but significantly decreased in those 
patients with prior infarction and depressed cardiac func- 
tion (LVEF of 40%). This has also been reported by 
others.'> Systemic vascular resistance increases due to the 
decline in cardiac output, and LV dP/dt decreases at rest 
and especially during exercise. Pulmonary artery pres- 
sure increases concomitantly with the increase in LV end- 
diastolic and pulmonary capillary wedge pressures. 

Similar hemodynamic effects have been reported with 
other 8 blockers,’*-*4 although agents with sympathomi- 
metic properties do not appear to be myocardial depres- 
sants.?*-*4 Taylor et al? reported comparable rest and 
exercise hemodynamic changes after administration of 
equipotent doses of intravenous propranolol (16 mg) and 
metoprolol (20 mg) in 24 patients with ischemic heart 
disease. Practolol (40 mg), however, had little effect on 
heart rate or blood pressure at rest, and caused less of a 
decrease in cardiac output during exercise than the other 
2 agents. 

In a study by Gebhardt et al,** a small series of pa- 
tients with ischemic heart disease showed significantly 
less reduction in heart rate and blood pressure at rest with 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


TABLE II Hemodynamic Effects of Intravenous Sotalol at Rest 


Sotalol 
Dose 


(mg/kg) 


Brooks, 1970* 0.4 
Thumala, 1971* 0.1 to 0.5 
Hutton, 1972* 0.2 

Kelly, 1978 0.06 to 0.26 
Johnson, 1985+ 0.125 to 2.0 
Astrom, 1986 0.6 

* Ten minutes after administration. 


t p <0.05. 
t Twenty minutes after administration. 


Investigator A HR (%) 


A SBP (%) 


A MAP (%) A SV (%) A CO (%) A SVR 


CO = cardiac output; HR = heart rate; LVEDP = left ventricular end-diastolic pressure; MAP = mean arterial pressure; SBP = systolic blood pressure; SV = stroke volume; SVR = 


systemic vascular resistance. 


a greater increase in EF during exercise after receiving 
pindolol compared with propranolol. In a series of 6 pa- 
tients with ischemic heart disease, Choong et al?? studied 
the effects of propranolol and pindolol with rest and exer- 
cise gated RNA. Propranolol significantly decreased 
resting heart rate (18%), systolic blood pressure (10%), 
cardiac index (27%), stroke volume index (11%) and EF 
(5%). Systemic vascular resistance increased 24%, consis- 
tent with the decrease in cardiac output. End-systolic 
volume increased (12%), thus explaining the decrease in 
stroke volume index and EF. With exercise, heart rate 
(21%), systolic blood pressure (16%) and cardiac index 
(16%) also decreased compared with control values. 
However, due to a decline in end-systolic volume (8%), 
stroke volume and EF were maintained. The decline in 
end-systolic volume during exercise was presumed secon- 
dary to the anti-ischemic effects of propranolol. An im- 
provement in exercise hemodynamics after propranolol in 
patients with ischemia during exercise has been reported 
by other investigators.!5!7 Pindolol also minimally de- 
creased end-systolic volume (13%), so that stroke volume 
and EF were maintained. Thus, from these data, 6 
blockers appear to depress LV function at rest, as evi- 
denced by a decrease in stroke volume index and EF. Beta 
blockers with intrinsic sympathomimetic activity appear 
to have minimal effects on resting cardiac volumes or EF 
and may be more useful clinically in patients with de- 
pressed myocardial function. 

Despite their measured depressant effects on cardiac 
function, 6 blockers are well tolerated in most patients, 
even those with a history of previous congestive heart 
failure. Extensive clinical experience from the large ĝ- 
blocking trials in patients after myocardial infarction 
demonstrates their clinical safety.2°-*° The need to termi- 
nate drug therapy because of heart failure was similar in 
those patients taking placebo or 8-blocking therapy. This 
was despite the frequent enrollment of patients with a 
history of congestive heart failure (18.5% in the BHAT 
trial).2> Although recurrent heart failure was seen more 
frequently in those patients with prior congestive heart 
failure, it could usually be managed by intensifying medi- 
cal therapy. Furthermore, the cumulative incidence of 
recurrent heart failure was similar in the propranolol and 
placebo groups. This is an important finding, since ĝ- 
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blocking therapy after myocardial infarction has been 
shown to reduce significantly the incidence of sudden 
cardiac death, particularly in patients with a history of 
previous heart failure. This reduction in mortality has not 
been shown using 6 blockers with intrinsic sympathomi- 
metic activity.’ 


HEMODYNAMIC EFFECTS OF INTRAVENOUS 
SOTALOL IN HUMANS 

The hemodynamic effects of intravenous sotalol are 
summarized in Table II. A significant decrease in heart 
rate and cardiac output usually occurs within 10 to 15 
minutes of intravenous administration. The decrease in 
cardiac output is almost exclusively accounted for by the 
decrease in heart rate, since mean stroke volume is main- 
tained. Pulmonary artery pressures do not appear to be 
elevated by the drug. 

In normal volunteers, intravenous sotalol decreases 
heart rate and blood pressure during rest and exer- 
cise.293! Hemodynamic changes for both parameters oc- 
cur even at low doses of 0.125 mg/kg body weight. Frankl 
and Soloff?! observed in normal healthy volunteers that 
at cumulative doses of 0.08 mg/kg, sotalol markedly 
blunted the effects of intravenous isoproterenol on heart 
rate, systolic blood pressure, cardiac index and stroke 
volume. However, no additional depression of cardiac 
function beyond the 8-blocking effects of the drug was 
observed, implying no intrinsic negative effect on myo- 
cardial contractility. 

Sotalol has also been studied in patients with heart 
disease. In an early report, Brooks et al? studied 20 
patients with predominantly valvular heart disease who 
had at least class II New York Heart Association heart 
failure symptoms. LV end-diastolic pressure was initially 
elevated (>15 mm Hg) in 8 of 20 patients (40%) but did 
not significantly increase after sotalol administration. As- 
trom et al?3 studied the effects of intravenous sotalol in 
patients with acute myocardial infarction who had con- 
comitant ventricular ectopy (>5 ventricular premature 
depolarizations per minute). In this placebo-controlled 
study, 10 patients received sotalol as an initial bolus of 0.5 
mg/kg over 15 minutes followed by a loading infusion of 
0.6 mg/kg over 1 hour, and a continuous infusion of 0.2 
mg/kg for up to 12 hours. Heart rate decreased signifi- 





cantly within 30 minutes after sotalol administration and 
remained consistently depressed throughout the infusion. 
Cardiac output and stroke volume decreased within 15 
minutes after sotalol, but the former remained depressed 
throughout the infusion while the decrease in stroke vol- 
ume was transient (up to 45 minutes). Minimal changes 
in right atrial and pulmonary artery pressures were ob- 
served. In this regard, intravenous sotalol was well toler- 
ated in the setting of acute myocardial infarction. Similar 
results by other investigators** in patients with a variety 
of heart diseases have demonstrated no adverse effects of 
sotalol on pulmonary artery or pulmonary capillary 
wedge pressure during rest and exercise. 

In a single-dose intravenous sotalol trial, Thumala et 
al’ reported the hemodynamic changes at rest, during 
exercise and during atrial pacing in a patient population 
represented largely by coronary (42%) and rheumatic 
(29%) heart disease. Sotalol significantly decreased heart 
rate, cardiac index and LV dP/dt during rest, whereas 
LV end-diastolic pressure and systemic vascular resis- 
tance increased. Similar results were obtained during ex- 
ercise but did not reach statistical significance because of 
the smaller number of patients and greater data variabili- 
ty. The decrease in cardiac index was thought to be secon- 
dary to bradycardia since resting and exercise stroke vol- 
ume remained unchanged. The major determinants of 
myocardial contractility are preload, afterload, intrinsic 
contractility and heart rate. Because LV end-diastolic 
pressure (preload at rest) did not decrease and aortic 
pressure (afterload) remained unchanged, the observed 
decrease in dP/dt was postulated to be due to bradycar- 
dia and not to an intrinsic myocardial depressant action 
of the drug. However, when heart rate was fixed during 
atrial pacing, cardiac index (—20%), stroke volume index 
(—21%) and LV dP/dt (—13%) decreased despite little 
change in LV filling pressures. Hutton et al° also report- 
ed that cardiac pacing did not correct for the significant 
decrease in dP/dt in sotalol-treated patients. Despite the 
decrease in dP/dt, however, stroke volume was main- 
tained in this study, probably owing to a concomitant 
decrease in blood pressure (afterload) that masked any 
decrease in myocardial contractility. The reported reduc- 
tion in dP/dt would appear from animal investigations to 
be due to 6-adrenergic blockade rather than to an intrin- 
sic negative inotropic effect. 

Intravenous sotalol, therefore, appears to affect cardi- 
ac hemodynamics within minutes of administration, 
which is heralded by a decrease in heart rate, systolic 
blood pressure and cardiac index. Stroke volume index is 
variably preserved depending on the relative contribution 
of negative inotropy and decreasing afterload. 


HEMODYNAMIC EFFECTS 
OF ORAL SOTALOL 

The hemodynamic effects after oral sotalol adminis- 
tration were recently evaluated in our laboratory as an 
ancillary study of a multicenter trial comparing the ven- 
tricular antiarrhythmic effects of sotalol and quinidine.’ 
The study group consisted of 27 patients (18 men and 9 
women, mean age 56 + 12 years) with 30 or more ventric- 
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ular premature depolarizations per hour on 24-hour 
Holter monitoring. Most of the patients (85%) had cardi- 
ac disease represented by coronary artery disease (14 
patients), cardiomyopathy (4 patients), mitral valve pro- 
lapse (4 patients) and aortic insufficiency (1 patient). 
Thirteen patients had previous myocardial infarction and 
9 had a history of congestive heart failure. 

The study was a double-blind, placebo-controlled, 
crossover trial in which hemodynamic measurements 
were obtained after a 1-week placebo run-in period, after 
4 weeks of drug 1, a second 2-week placebo phase, and 
after 4 weeks of drug 2. Hemodynamic measurements 
were obtained using gated RNA at rest and during supine 
bicycle exercise. Each patient exercised to an identical 
work load during all RNA studies so as to enable compar- 
ison of exercise hemodynamics from placebo to active 
sotalol administration. LV volumes, EF and cardiac out- 
put were measured by a count-based technique previously 
validated in our laboratory using gated blood pool 
RNA.?8 

Sotalol was given initially as a daily oral dose of 320 
mg for 2 weeks, then increased to 640 mg/day if ventricu- 
lar ectopy was not reduced by more than 75% from place- 
bo baseline 24-hour Holter monitoring. Plasma sotalol 
levels were measured at the time of the gated RNA study. 
The mean peak and trough sotalol levels were 1,874 + 
1,099 and 1,545 + 835 ng/ml, respectively, at a mean 
oral sotalol dose of 5.9 + 2.3 mg/kg/day. In patients with 
adequate arrhythmia suppression, repeat RNA studies 
were obtained at 3 months and 1 year. 

The mean baseline LVEF at rest was 43 + 15%, with 
LVEF of <30% in 7 patients, 30 to 39% in 4 patients, 40 
to 49% in 4 patients and >50% in 12 patients. Therefore, 
most of the patients (56%) had an abnormal LVEF at 
rest, 26% with severe LV dysfunction. No patient at the 
time of enrollment had clinical evidence of heart failure. 
Because patients with ventricular arrhythmia and de- 
pressed LV function are at the highest risk for subsequent 
sudden cardiac death, they would potentially benefit most 
from antiarrhythmic therapy. Thus, these patients repre- 
sented an excellent target population for measuring the 
hemodynamic effects of sotalol. 

The hemodynamic effects of sotalol are listed in Table 
III. Sotalol significantly reduced peak heart rate at rest 
and during exercise (23 and 20%, respectively) and sys- 
tolic blood pressure at rest and during exercise (5 and 7%, 
respectively). Similar results have been reported by oth- 
ers after both intravenous and oral sotalol administration 
and presumably are the result of the B-adrenergic block- 
ing effects of the drug. No change in diastolic or mean 
blood pressure was observed from placebo to active sota- 
lol administration. 

Sotalol significantly increased the mean group LVEF 
at rest with a trend toward an increase during exercise 
(p <0.08). Furthermore, many patients (56%) had a 
>5% increase in absolute resting LVEF while taking 
sotalol. Only 1 of 7 patients with an LVEF <40% had a 
decrease in EF at rest during sotalol therapy. 

LV volumes were significantly altered by sotalol. 
Mean LV end-diastolic volume at rest increased (13%), 
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TABLE Ill Hemodynamic Effects of Oral Sotalol 


Placebo 





Heart rate (beats /min) 71#11 
Systolic blood pressure (mm Hg) 132 + 20 
Left ventricular ejection fraction (%) 47 +13 
End-diastolic volume index (mI /m?) 111+ 40 
End-systolic volume index (ml /m?) 63 + 37 
Stroke volume index (ml /m?) 48+11 
Cardiac index (liters /min/m?) 3.4 + 0.8 


Sotalol 

Exercise Exercise 
117 +21 55+ 8* 94+ 21* 
165+ 21 125 4 14t 1544 19t 
52415 51 + 15+ 55414 
114+ 46 125 + 42t 120 + 40 
58 +41 65+ 39 57 +33 
55415 59 + 15* 63418 
6.6 + 2.3 3.3+0.8 6.0 ż 2.2 


* p <0.001; ' p <0.05; t p <0.002. 


with 65% of patients showing some increase in this pa- 
rameter. The increase in LV end-diastolic volume was 
probably due to the indirect effect of bradycardia, which 
increased diastolic filling time, although a direct drug 
effect on LV compliance or an increase in LV filling 
pressures cannot be eliminated. Most of the patients 
(83%) had an increase in stroke volume index at rest 
(23%), which may have been secondary to changes in 
preload (increased LV end-diastolic volume), afterload 
(decrease in systolic blood pressure) or a direct positive 
inotropic effect. The last is unlikely because positive dP/ 
dt has been shown to decrease after thè administration of 
intravenous sotalol. Cardiac index at rest or during exer- 
cise did not change for the group as a whole, although 
there was marked individual variability depending on the 
differential increase and decrease in stroke volume and 
heart rate, respectively. In this regard, although all pa- 
tients had a decrease in heart rate, only 48% of the pa- 
tients studied had a >5% decrease in cardiac index at rest. 
When patients were stratified by baseline LVEF at rest, 
patients with LVEF of <40% did not demonstrate any 
greater untoward deterioration in any cardiac hemody- 
namic parameter than those patients with LVEF >40%. 

The hemodynamic effects of oral sotalol (mean dose 
754 + 79 mg, range 230 to 1,200 mg/day) have also been 
reported in a single-blind trial involving 23 hypertensive 
patients.’ A significant decrease in systolic blood pres- 
sure (212 + 5 vs 189 + 5 mm Hg; p <0.001) and heart 
rate (87 + 2 vs 62 + 2 beats/min; p <0.001) was ob- 
served, with the latter decreasing in all patients. Cardiac 
index tended to decrease for the group as a whole (3.15 + 


0.28 vs 2.73 + 0.22; p <0.30), although an increase 
was observed in 6 of 15 patients (40%). As in our study, 
stroke index significantly increased (34.4 + 2.4 vs 46.6 + 
3.1; p <0.02), indicating no overt negative inotropic ef- 
fect. 

Twelve of our patients who agreed to long-term sota- 
lol therapy had gated RNA hemodynamic variables ob- 
tained at 3 months, as did 6 patients at 1 year. Six pa- 
tients did not undergo l-year studies because of loss of 
efficacy while taking sotalol (4 patients) and resolution of 
arrhythmia (2 patients). No patients were withdrawn 
from long-term sotalol because of cardiac decompensa- 
tion. Patients remained otherwise clinically stable 
throughout the follow-up period while taking a mean 
sotalol dose of 370 mg/day. Although individual variabil- 
ity existed, mean blood pressure, cardiac volumes and 
cardiac index during rest and exercise were similar at 3 
months and 1 year when compared with the hemodynam- 
ic data recorded during the acute sotalol dosing phase of 
the trial (Table IV). In this regard, long-term administra- 
tion of sotalol did not appear to have a detrimental effect 
on cardiac function. Similarly, results of a recent double- 
blind, placebo-controlled, randomized trial of sotalol in 
patients after myocardial infarction did not indicate any 
increased incidence of clinical congestive heart failure 
over a l-year period among treated patients.7* Patients 
began therapy with sotalol (320 mg/day) 5 to 14 days 
after the initial infarction. Heart failure during the acute 
phase of infarction was present in 21 and 22% of those 
patients randomized to placebo and sotalol, respectively. 
During the follow-up period, heart failure developed in 


TABLE IV Hemodynamic Effects of Oral Sotalol (Long-Term Results) 


Sotalol (Initial) 


Sotalol (3 Months) Sotalol (1 Year) 





Rest 
(n = 12) 


GLG 

124 + 17 
92 £13 
119 + 36 
58 + 29 
61415 
3.1+0.8 


HR (beats /min) 
SBP (mm Hg) 


LVEF (%) 

EDVI (ml /m?) 

ESVI (ml /m2) 

SVI (mI /m2) 

Cl (liters /min/m?) 


* p <0.05. 


Cl = cardiac index; EDVI = end-diastolic volume index; ESVI = end-systolic volume index; LVEF = left ventricular ejection fraction; SVI = stroke volume index; other abbreviations as 


in Table Il. 
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Exercise 
(n = 12) 


87 + 84 
149 + 21 
54+ 13 
129 + 38 
62 + 34 
66415 
9942.1 


Rest 
(n = 12) 


Exercise 
(n = 8) 


87 +11 
15521 
SLETTA 
120 + 35 
62+ 47 
57 + 26 
S Me AP | 


Rest 
(n = 6) 


56 + 14 
128 + 28 
51+ 10 
123 + 24 
60 + 22 
62 +13 
2910 


Exercise 
(n = 6) 








TABLE V Hemodynamic Profile of Patients With and Without Serious Complications Taking Sotalol 


No Complications (n = 20) 


Rest 


End-systolic volume index (ml /m7?) 
Left ventricular ejection fraction (%) 
Cardiac index (liters /min /m?) 
Stroke volume index (ml /m?) 


Complications (n = 5) 


Exercise Exercise 


102 + 57* 
35+ 14 
3.2+1.0 
48+13 


* p <0.05; t p <0.051. 


3.8% of placebo- and in only 2.6% of sotalol-treated pa- 
tients (difference not significant). 

In our study, 5 patients had serious complications 
while taking sotalol during the initial double-blind phase 
of the trial. Three patients had dysrhythmias, which in- 
cluded torsades de pointes ventricular tachycardia, ven- 
tricular fibrillation, and syncope due to hypotension and 
bradycardia. The 2 patients (7%) in whom overt conges- 
tive heart failure developed while taking sotalol were 
noted to have low LVEFs at rest (18 and 23%) and 
markedly dilated LV chambers (end-diastolic volume in- 
dexes greater than 200 ml/m7). Sotalol drug levels were 
not different in the patients with or without complica- 
tions, although the patient numbers were too small to 
dismiss categorically a dose effect. 

The 5 patients with serious complications during sota- 
lol administration had a different hemodynamic profile 
during placebo administration from that found for the 
remaining 20 patients who tolerated sotalol well. These 5 
patients were found to have a higher LV end-systolic 
volume index at rest, were unable to achieve an increase 
in LVEF or stroke volume index during exercise, and had 
a minimal increase (<1.3 liters/min/m2) in cardiac index 
during exercise (Table V). Hemodynamics at rest were 
imprecise in identifying patients who would have an ad- 
verse outcome with sotalol. This was particularly true for 
LVEF at rest, since only one-third of the patients with 
LVEF <30% had congestive heart failure or arrhythmia 
aggravation. Likewise, although the sensitivity of an ab- 
normal (<5%) increase in LVEF during exercise identi- 
fied all patients with complications, this was accompa- 
nied by a very low specificity of 45% (Table VI). This 
hemodynamic profile of inadequate cardiac reserve dur- 


ing supine bicycle exercise for predicting complications. 


during drug therapy extends our previous observations 
with 2 other antiarrhythmic drugs, moricizine*® and ci- 
benzoline.*! Therefore, sotalol is generally well tolerated, 
with the possible exception of those patients whose hemo- 
dynamic parameters reflect markedly depressed LV 
function and inadequate cardiac reserve. Patients with 
these hemodynamic parameters may be very dependent 
on -adrenergic drive to maintain cardiac function, the 
latter being significantly attenuated during sotalol ad- 
ministration. 


CONCLUSION 

Beta-receptor blocking agents depress cardiac func- 
tion by decreasing heart rate and -adrenergic drive, and 
through an intrinsic membrane-stabilizing effect ob- 
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TABLE VI Sensitivity, Specificity and Predictive Value of 
Baseline Hemodynamic Measurements in Determining 
Serious Complications of Sotalol Treatment 


Positive Negative Fisher 

Predictive Predictive Exact 
Sensitivity Specificity Value Value Test 
(%) (%) (p value) 


A LVEF <5% 100 
A SVI <0 80 
ACI <1.3 80 
ASVI<Oand 80 
ACI <1.3 


A = change from rest to exercise while taking placebo preceding sotalol. 
Abbreviations as in Table IV. 


served with certain agents. Although the latter appears 
important in the animal model, the doses needed to pro- 
duce this effect are generally far above the usual clinical 
range. Nevertheless, 6 blockers such as propranolol de- 
crease EF, stroke volume, heart rate and cardiac output 
at rest and during exercise in both normal subjects and 
patients with heart disease. 

Sotalol appears to have less of a myocardial depres- 
sant effect than conventional 6 blockers. After intrave- 
nous administration, heart rate, cardiac output and sys- 
tolic blood pressure decrease, although stroke volume is 
generally maintained. Sotalol is well tolerated when given 
orally to patients with heart disease and mildly depressed 
cardiac function. However, occasionally it may cause 
clinical signs of heart failure. This is typically seen in 
patients with inadequate cardiac reserve and markedly 
depressed LV function. There appear to be no ill effects 
on cardiac function from long-term sotalol use. A com- 
parative trial between sotalol and traditional 6-blocking 
agents are needed to better define their hemodynamic 
differences in the same patients at equipotent 6-blocking 
doses of each drug. 
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Discussion I: Pharmacology, Pharmacodynamics 
and Pharmacokinetics of Sotalol 


Dr. Bramah Singh (Los Angeles, California): Dr. An- 
tonaccio, you gave a comprehensive presentation on the 
pharmacodynamics and pharmacokinetics of sotalol. Is 
sotalol removed from the blood during hemodialysis? 

Dr. Michael Antonaccio (Wallingford, Connecticut): I 
am not aware that the drug is dialyzed in this way. Per- 
haps Dr. Lester Soyka can comment on this issue. 

Dr. Lester Soyka (Wallingford, Connecticut): There 
was an unreported study from the group in Indianapolis 
that suggested that sotalol is dialyzed. 

Dr. Magdi Sami (Montreal, Quebec, Canada): One of 
my patients was well controlled on a given dose of sotalol 
for recurrent paroxysmal atrial flutter, atrial fibrillation, 
and ventricular arrhythmias. As long as he had chronic 
renal failure with serum creatinine levels around 5 and 6 
ug/ml, he was doing extremely well. We began hemodial- 
ysis, and each time—either during or just after dialysis— 
his arrhythmia broke through with very rapid rates. 
Without knowing whether or not sotalol did go through 
the dialysis membrane, we administered an extra dose of 
sotalol just before dialysis. Thereafter, his arrhythmia 
was completely controlled. This, I believe, is a good basis 
for thinking that sotalol does pass through the dialysis 
membrane. 

Question: Concerning the frequency-dependent effect 
on the action potential duration, sotalol appears to behave 
exactly like quinidine in this regard, but it does not block 
the inactivated sodium current. Is there a similarity be- 
tween the action of amiodarone and that of sotalol? 

Dr. Singh: I do not think so. The electrophysiologic 
effects of amiodarone are unique. The effects of sotalol 
and quinidine on ionic currents in repolarization are prob- 
ably different, but it will take a great deal of detailed 
single-channel studies in isolated ventricular myocytes to 
delineate the nuances of differences. This must await the 
results of future studies. 

Dr. James Reiffel (New York, New York): Dr. Anton- 
accio, you showed some very good studies of pretreatment 
with blockers in terms of changes in repolarization. Could 
you tell us anything about pretreatment with either calci- 
um-channel blockers or digitalis that may be clinically 
relevant in terms of co-administration of drugs? 

Dr. Antonaccio: Dr. Lathrop has studied calcium- 
channel blockers with respect to this action on lengthen- 
ing the action potential duration. 

Dr. David Lathrop (Cincinnati, Ohio): We have not 
looked at the effects of co-administration of sotalol and 
nifedipine, or other dihydropyridines. In fact, we found 
highly variable effects with other calcium antagonists. 
Often, the presence of sotalol, while giving calcium-chan- 
nel blockers, increases rather than decreases the action 
potential duration. I do not know what this means, but I 
suspect that sotalol has no effect at all on calcium-chan- 
nel directly. 
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Dr. Singh: There are some relevant data from Dr. Joel 
Kupersmith. Hiramasu et al! showed that if you take 
isolated cardiac tissue superfused with d-sotalol in large 
concentrations, there is massive lengthening of the action 
potential duration with a tendency for the development of 
early afterdepolarizations. This was prevented by the co- 
administration of the calcium-channel blocker verapamil, 
which shortened the action potential duration. I think 
that data are rather dramatic, at least in vitro. I am not 
sure how this will apply in vivo. If it holds up, it has 
important therapeutic implications in that a combination 
of calcium-channel blockers and QT-lengthening com- 
pounds may be associated with the lower-than-expected 
incidence of torsades de pointes. 

Question: I also asked about digitalis, because we 
have seen the additive clinical effects of d-sotalol and 
digitalis in patients for whom digoxin alone did not work, 
and yet the combination with sotalol was clearly effective 
in atrial arrhythmias. 

Dr. Singh: We need more systematic data on this 
issue. Moving on now to Dr. Woosley’s interesting data, 
Dr. Woosley raised an intriguing possibility in the rela- 
tionship between the effects of action potential lengthen- 
ing and slowing of the heart rate. After all, such a change 
only in the sinus node potential could make a difference. 
If the effect of the drug is minimal on the duration of the 
sinus node potential, and if the sinus is being driven at a 
higher rate, it will override the subsidiary pacemakers. 
Clearly, the sinus frequency will have a major effect on 
the QTc. I am therefore uncertain how one can relate a 
bradycardic response in the sinus node produced by the 
lengthening of the action potential duration in the ventri- 
cle. One probably needs a substantial increase in the 
duration of the sinus node potential itself as a primary 
event to have a modest effect on heart rate. 

Dr. Raymond Woosley (Washington, D.C.): The basic 
tenet of this matter is that the surface QT is (or changes 
therein are) proportional to changes in the sinoatrial 
node/QT relationship, and our data are consistent with 
that. It certainly does not prove it. Data in the literature 
indicate that, in animal in vitro studies, the sinus node 
action potential duration is proportional to the QTc on 
the surface electrocardiogram. So I think it is consistent 
with what we have reported but, as you suggested, this 
can never be proved because it is measured on the surface 
electrocardiogram, and until someone implants a micro- 
electrode in a patient’s sinus node and relates the changes 
in repolarization in that structure to the resultant heart 
rate, our hypothesis cannot be validated with certainty. 

Dr. Singh: Y ou will also need simultaneous recordings 
of the ventricular monophasic potentials. Over the years, 
with a number of colleagues, we have made numerous 
transmembrane potential recordings from the rabbit si- 
nus node and have related them to simultaneous changes 
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in the ventricular myocardium. In the case of the sinus 
node, with superfusion of the preparation with d-, l- and 
dl-sotalol? and in chronically “amiodaronized” animals, 
the action potential duration increases only moderately, 
while the action potential duration changes in the ventric- 
ular myocardium, the essential correlate of alterations in 
the QT, are often striking and considerable.’ I have spec- 
ulated that the relative “resistance” of the sinoatrial node 
potential to lengthening in response to agents that have a 
marked prolonging effect on the action potential duration 
in atria and ventricles might have survival value. The 
other issue is whether high concentrations of d-sotalol 
produce some -blocking effect that contributes to the 
bradycardic effects of d-sotalol. 

Dr. Woosley: This is what we were trying to address. 
The point I failed to make was that there was not a 
significant change in blood pressure with d-sotalol, which 
might indicate that 6 blockage was not responsible. Re- 
cent formulations of d-sotalol in formal testing have been 
shown to have very little 6-blocking effect. 

Dr. Antonaccio: With respect to the potential positive 
inotropic effect induced by sotalol in vitro, it has been 
pointed out that this is directly related to the increase in 
the action potential duration. Clinically, that might trans- 
late into the prolongation of the QTc interval. Dr. Mah- 
marian, did you examine the prolongation of QTc in 
relation to hemodynamic effects in your patients? 

Dr. John Mahmarian (Houston, Texas): No, we did 
not look at QTc values. 

Dr. Prakash Deedwania (Fresno, California): You 
mentioned an increase in the left ventricular ejection frac- 
tion. We know that sotalol decreases heart rate very sig- 
nificantly, and you also indicated that the end-systolic 
volume index did not change. There was no increase in 
cardiac index but stroke volume increased, as might be 
expected if heart rate decreases. We know that when we 
increase stroke-volume index by slowing the heart rate, 
we need to correct it to allow us to compare values before 
and after therapy. Did you correct it for heart rate? 

Dr. Mahmarian: We did not correct it for heart rate, 
but I agree with you that the increased end-diastolic 
volume index was probably due to bradycardia and would 
increase stroke volume at any given end-systolic volume. 

Dr. Deedwania: If you carefully scrutinize your end- 
systolic volume index, it might remain the same. 

Dr. Mahmarian: That is correct. The increase in 
stroke volume index resulted mainly from the increased 
end-diastolic volume index. 

Question: Your measurements of radionuclide ven- 
triculogram—derived variables are good in the sense that 
they are easy to obtain and relatively precise, but they do 
not necessarily translate directly into how patients toler- 
ate drugs. Do you have any data in patients treated with 
antiarrhythmic drugs on how they might influence car- 
diopulmonary exercise testing where the end points of 
testing are variables, such as oxygen consumption and 
anaerobic threshold? 
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Dr. Mahmarian: No. In this particular study, in all 
patients, the work load was kept identical from placebo to 
drug, but we do not have data on oxygen consumption or 
anaerobic threshold in these patients. 

Dr. Singh: We have heard that sotalol may exert a 
positive inotropic effect in certain circumstances, and it 
appears to have fewer negative inotropic effects than 
conventional 6 blockers. Regarding the relationship be- 
tween effects of class III agents and inotropy in general, it 
is of interest that most, if not all, class [II drugs exert a 
positive inotropic effect that is most readily shown in 
isolated tissues and preparations. However, in the case of 
sotalol, we are dealing with a complex balance between 6 
blockade and a positive inotropic effect in a single agent. 
Depending on the prevailing conditions in the individual 
patient, you may see a depressant effect, no effect, or a 
frankly positive inotropic effect, as well as their hemody- 
namic correlates. However, there is no doubt that com- 
pared with a typical 8 blocker, at least in our experience 
and in the experience of most people from whom you have 
heard, sotalol really has fewer depressant effects than you 
might expect given the degree of 6 blockade. I think this 
point emerges fairly clearly from the data presented. It is 
of practical importance that most serious life-threatening 
ventricular arrhythmias occur in patients with compro- 
mised ventricular performance, and there are increasing 
data implicating the potential role of the adrenergic ner- 
vous system in the genesis of such arrhythmias. 

Dr. Mahmarian: If you look at the patients who did 
develop complications in terms of heart failure, as I said, 
they had marginally depressed function. They had large 
end-systolic volumes. They were probably those patients 
who had increased sympathetic tone to begin with, al- 
though we did not measure this, in terms of circulating 
catecholamines. This might be why they had hemody- 
namic deterioration resulting from (6-blocking effects. 
Again, sotalol does not exhibit baseline intrinsic negative 
inotropic effects and if it does decrease myocardial func- 
tion, it is probably due to 6 blockade as the sole mecha- 
nism. 

Dr. Singh: I agree. The net response might be influ- 
enced by how critically the ventricular function depends 
on the adrenergic drive for hemodynamic compensation. 

We have heard a great deal about the unique proper- 
ties of sotalol as a 8 blocker and a class III antiarrhythmic 
drug. The next series of papers will deal with the data on 
the antiarrhythmic effects of the compound. 
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Effectiveness of Sotalol for Therapy of Complex 
Ventricular Arrhythmias and Comparisons with 
Placebo and Class I Antiarrhythmic Drugs 


Jeffrey L. Anderson, MD 


In new antiarrhythmic drug development, key com- 


parisons include those with placebo, standard 
(class 1) agents and other 8 blockers. This review 
will cover the first 2 comparisons. The effective- 
ness of 2 doses of sotalol for complex ventricular 
arrhythmias has been compared with placebo in a 
6-week, multicenter study (parallel, double-blind 
design) in 102 patients. The frequency of ventricu- 
lar premature complexes (VPCs) was reduced only 
10% with placebo, 75% with low-dose sotalol (160 
mg administered twice daily) and 88% with high- 
dose sotalol (320 mg administered twice daily) 
(both p <0.05 vs placebo). The defined efficacy cri- 
terion (>75% VPC suppression) was achieved by 
6% of patients taking placebo, 34% of patients 
taking low- and 71% of patients taking high-dose 
sotalol. Sotalol was generally well tolerated, espe- 
cially with the lower dose. Heart rate decreased, 
and PR and QTc intervals increased modestly. An 
open, randomized, crossover study compared sota- 
lol with procainamide in 33 patients. A reduction in 
VPCs of >75% was achieved in 22 patients (67%) 
with sotalol and in 13 patients (39%) with procain- 
amide. Quinidine and sotalol have also been com- 
pared in a multicenter study in patients with chron- 
ic, complex VPCs, with results to be presented in 
the near future. Thus, sotalol’s antiarrhythmic effi- 
cacy is well demonstrated by comparisons with pla- 
cebo, and its effectiveness and tolerance are likely 
to compare favorably with standard class I drugs, 
suggesting its potential as a first-line antiarrhyth- 
mic agent. 
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ministration has approved and labeled 5 class I anti- 
arrhythmic drugs (disopyramide, tocainide, mexi- 
litene, flecainide and encainide), several class II drugs (8- 
adrenergic blockers), but only 1 class III agent (amioda- 
rone), which is limited in its application because of its 
high inherent toxic potential. Sotalol, a 8 blocker with 
additional characteristics of a class III antiarrhythmic 
agent, will be a unique and welcomed addition to these 
new agents.'-? It is an old compound recently rediscov- 
ered as a potentially important new antiarrhythmic 
agent. Its historical development and electrophysiologic 
and pharmacologic findings have been presented else- 
where in the symposium.*> In this study, key compari- 
sons that are important in new antiarrhythmic drug eval- 
uation will be presented. These evaluations, specifically 
with respect to effects on chronic, complex ventricular 
arrhythmias, include (1) efficacy and tolerance compari- 
son of sotalol with placebo; (2) comparisons of efficacy 
and side-effect potential with the “standard” (class I, 
membrane-active) antiarrhythmic agents (e.g., procain- 
amide, quinidine); and (3) comparison with other conven- 
tional agents.° The results of these comparisons are neces- 
sary to establish a profile of the effectiveness and safety of 
sotalol and to suggest how it may be positioned in future 
medical practice for selection and use in treating these 
symptomatic and prognostically important arrhythmias. 
This review covers evaluations using ambulatory elec- 
trocardiographic recording as the end point for antiar- 
rhythmic drug response. In these ventricular ectopic stud- 
ies, 24- to 48-hour ambulatory electrocardiographic 
(ECG) recordings were applied to evaluate baseline fre- 
quencies of ventricular premature complexes (VPCs), re- 
petitive VPC frequencies (beats in couplets and runs), 
and ventricular tachycardia (VT) events (3 or more 
beats, rate 2100 beats/min). In addition, symptomatic 
improvement with therapy was evaluated as a secondary 
efficacy end point. Criteria for safety in these studies 
included reporting of on-therapy conditions (potential 
adverse drug experiences), numbers of discontinuations 
of drug because of adverse effects, incidence of adverse 
rhythm events (potentially proarrhythmic), and occur- 
rence of laboratory abnormalities, potentially indicating 
drug toxicity. Key comparative studies with placebo, pro- 
cainamide and quinidine are summarized and the com- 
parative value of sotalol reported. No systematic compar- 
isons with other class I agents (IB and IC) or other class 
II agents have been reported. 


S ince 1977, the United States Food and Drug Ad- 
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TABLE I Patient Characteristics 


Sotalol 
(640 mg/day) 


Sotalol 
(320 mg/day) 
(n = 38) 


Placebo 


Variable (n = 37) 


Age (years) 58414 57414 
Sex (% male) 65 71 
Coronary artery disease 37 36 
(%) 
Hypertension (%) 35 39 
VPCs /hour (mean) 343 382 
Ejection fraction (%) 5349 51410 55410 


VPCs = ventricular premature complexes. 


COMPARISON OF SOTALOL AND PLACEBO 
IN PATIENTS WITH FREQUENT AND 
REPETITIVE VENTRICULAR ECTOPIC 
ACTIVITY: MULTICENTER 

COMPARATIVE STUDY 

Methods: Sotalol has been compared with placebo in 
a multicenter comparative study in patients with frequent 
and repetitive ventricular activity. An initial report sum- 
marized results in 56 completing patients.” The present 
update summarizes results in the entire complete group 
of 102 patients.*® 

Purpose and design: The purpose of this study was to 
document the antiarrhythmic effectiveness and tolerance 
of 2 doses of sotalol (320 and 640 mg/day) compared 
with placebo for suppression of chronic, complex ventric- 
ular arrhythmias in patients requiring treatment. To ac- 
complish this goal, the study was designed as a parallel, 
double-blind trial of 6 weeks’ duration in 6 hospitals 
consisting of the following phases: (1) Week 1 formed the 
screening, baseline phase, consisting of 48 hours of ambu- 
latory recording in the absence of antiarrhythmic agents 
(>5 half-lives washout). (2) Week 2 consisted of a base- 
line placebo phase that was single-blind; 48 consecutive 
hours of ambulatory monitoring were recorded and used 
to qualify patients for randomization into the double- 
blind phase. (3) The third phase (active treatment) began 
with randomization in week 3 and concluded in week 6. It 
was divided into early and final treatment-assessment 
phases. Initial treatment was assessed on day 2 or 3 (after 
2 to 6 doses of drug given in divided doses twice daily) and 
consisted of a 24-hour ambulatory tape. The final assess- 
ment was made during week 6 and consisted of a 48-hour 
ambulatory recording. The randomization code was then 
broken, and the option of long-term open-label treatment 
with sotalol was considered, based on the clinical assess- 
ment of the investigator. 

Entry criteria: Eligibility criteria included age 218 
years, spontaneous rate of ventricular arrhythmias of 
>30 VPCs/hour for 48 hours on screening and placebo 
and baseline studies, and arrhythmia judged to require 
therapy based on symptoms or prognostic importance. 

Exclusion criteria included: advanced heart failure 
(New York Heart Association class IV) or an ejection 
fraction of <30%; a history of 8-blocker intolerance, asth- 
ma or symptomatic obstructive pulmonary disease and 
electrolyte imbalance; renal dysfunction (creatinine >3 
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mg/dl); severe, untreated hypertension (diastolic blood 
pressure 2120 mm Hg); and unstable clinical status, 
such as unstable angina of recent myocardial infarction 
(<3 months). 

Rhythm exclusions included an average heart rate at 
rest of <50 beats/min, sinus node disease (pauses >2.5 
seconds), atrioventricular node disease (second- or third- 
degree atrioventricular block), a long QT interval syn- 
drome (QTc >0.45 second), or prolongations of PR inter- 
val (>0.24 second) or QRS interval (>0.18 second). In 
addition, patients with a history of sustained, malignant 
ventricular arrhythmia were excluded (history of sus- 
tained VT lasting over 30 seconds or a history of primary 
ventricular fibrillation, unrelated to acute myocardial in- 
farction). 

Patient characteristics and study flow: A total of 178 
patients underwent screening ambulatory monitoring for 
the study, and 126 qualified for and entered the single- 
blind placebo baseline period. Of these, 114 met criteria 
for randomization (230 VPCs/hour) and entered the 
double-blind treatment period. A total of 102 patients 
could be assessed for efficacy, 96 for the initial (“first 
pass”) period, and 92 for the final efficacy period. All 114 
patients entering double-blind treatment were assessed 
for safety. Patient entry characteristics were similar for 
the 3 study groups and are presented in Table I. 

Efficacy results: A successful efficacy result was de- 
fined as a 275% reduction in total VPCs per hour or a 
>90% reduction in repetitive ectopy per hour or VT 
events per day on the final (6-week) Holter recording, 
compared with the placebo-baseline study. Total VPCs 
per hour were reduced only 10% with placebo, 75% with 
sotalol, 160 mg twice daily (320 mg/day) (p <0.05 vs 
placebo), and 88% with sotalol, 320 mg twice daily (640 
mg/day) (p <0.05 vs placebo and sotalol 320 mg/day) 
(Fig. 1, Table II). The corresponding percentages of pa- 
tients achieving the 75% efficacy level were as follows: 
placebo, 6%; low-dose sotalol, 34% (p <0.05); and high- 
dose sotalol, 71% (p <0.05 vs placebo and low-dose) (Fig. 
1, Table II). 

Significant differences between placebo and sotalol 
were also evident for percent reductions in repetitive ec- 
topy per hour and VT events per day (Table II), although 
there was lower power to assess effects due to lower and 
more variable frequencies of VT events per day and 
greater variability in response. In general, however, repet- 
itive ectopy was suppressed to a greater degree than total 
VPCs per hour for low-dose sotalol, but no additional 
advantage of higher dose sotalol was observed. 

The effectiveness of sotalol was already well estab- 
lished by the initial (day 2 to 3) Holter monitoring, which 
showed similar percent VPC reductions from baseline 
and patient response rates as the final treatment Holter 
monitoring for low-dose sotalol and only a slightly lower 
response as the week 6 Holter monitoring for high-dose 
sotalol (percent reduction, 85 vs 88%; response rates, 53 
vs 71%). 

In the baseline state, the study group showed a diurnal 
variation in average VPC frequency, with increasing 
rates during waking hours (6 A.M. to midnight), with peak 





FIGURE 1. Comparative responses 
of total ventricular com- 
plexes (VPCs) per hour to sotalol 
and placebo. Left, response in per- 
cent VPC reduction presented for 
placebo (PL), sotalol, low-dose (SL) 
and sotalol, high-dose (SH) groups. 
(p values of the continuous VPC 
variables were based on the analy- 


sis of variance of the log-trans- 10 i HH 
PL SL SH 
% VPC reduction 


formed values.) Right, patient re- 
sponse rate (% patients with >75% 
suppression, comparing baseline 
and 6-week recordings) presented 
for the 3 groups. 


frequency between 10 A.M. and 6 P.M., and decreased rates 
during sleep hours (midnight to 6 a.M.). This diurnal 
variation was substantially blunted by sotalol (Fig. 2). 

Effects on electrocardiographic intervals: Sotalol 
caused the expected changes in ECG intervals. Typical of 
therapy with a 6 blocker, heart rate was reduced: reduc- 
tions were similar for both doses of sotalol (—18 and —17 
beats/min, respectively) compared with placebo (—1 
beat/min, p <0.001 vs either dose of sotalol). Similarly, 
as expected, there were modest increases in PR interval 
(+7 and +10 ms vs —2 ms change from baseline, respec- 
tively, both p <0.001 vs placebo). QRS interval did not 
change, but QT interval lengthened (80 and 91 ms for 
sotalol, each p <0.001 vs +13 ms for placebo, p <0.01). 
Differences in QT change between placebo and each dose 
of sotalol were significant (p <0.001). When corrected 
for heart rate, this differential change was reduced (+22 
and +30 ms for sotalol, each p <0.01, and +10 ms for 
placebo, p <0.05). Although changes for QTc interval, 
compared with placebo, were not significant, compari- 
sons with JTc interval (QTc corrected for QRS change) 
were significant (p = 0.006 for each dose vs placebo). 

Effect on cardiac function: In no patient did clinical 
heart failure develop as a result of sotalol, and changes in 
the ejection fraction did not suggest a negative inotropic 


TABLE Il Efficacy Results: Sotalol Versus Placebo for VPCs 
Percent VPC Reduction 


Total 
VPCs /Hour 


Repetitive 


Treatment Group (n) Ectopy /Hour 


Placebo (32) 
Sotalol 320 mg/day (32) 
Sotalol 640 mg/day (78) 


VT Total 
Events / Day 


* p<0.05 vs PL 
**p< 0.05 vs PL, SL 


PL SL SH 


% pts responding 
(= 75% | T-VPCs) 


effect (mean change +3 and +4% after the 2 sotalol doses 
vs —1% after placebo, difference not significant). 

Adverse experience: Summary of adverse experi- 
ences during double-blind therapy is presented in Table 
III. Any adverse experience was frequent during the 6- 
week study in all 3 groups (43 to 72%) but tended to be 
higher in the high-dose sotalol group. Those judged to be 
related to treatment by the blinded investigator occurred 
in 11, 39 and 51% of patients in the placebo, low- and 
high-dose sotalol groups, respectively. Adverse effects 
leading to discontinuation of drug occurred in 0, 1 (3%) 
and 8 (21%) patients in these 3 groups, respectively. Ad- 
verse ventricular arrhythmia, deemed to be “proarrhyth- 
mic,” were observed in 2 patients taking placebo (1 each 
with increased VPCs and increased VT events), 1 patient 
taking low-dose sotalol (increased VPCs only), and 2 
taking high-dose sotalol (1 with increased VT events and 
new sustained VT and 1 with syncope, bradycardia and 
nonsustained polymorphic VT). Laboratory abnormali- 
ties were observed in a small number of patients in each 
group (5, 2 and 3, respectively) and were not considered 
treatment-related. 

Conclusion: This multicenter comparative study of 
sotalol and placebo demonstrated that treatment with 
sotalol, 320 and 640 mg/day, effectively reduced the 


Patient Response Rate* 


Repetitive VT 


VPCs / Hour Ectopy /Hour Events / Day 


* 275% reduction in total VPCs/hour or >90% reduction in repetitive ectopy/hour or VT events /day. 


t p <0.05 vs placebo; * p <0.05 vs placebo and sotalol 320 mg/day. 
VPC = ventricular premature complexes; VT = ventricular tachycardia. 
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Mean Total VPC/Hour 
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v 


12 PM 6 PM 12 AM 
Hour of Day 
I SOT 320 mg - Baseline 


V SOT 320 mg - Final 


12 AM 6 AM 


x SOT 640 mg - Baseline 
* SOT 640 mg - Final 


o Placebo - Baseline 
© Placebo - Final 


FIGURE 2. Logarithmic mean total ventricular premature complexes (VPCs) per hour, by hour of day, for sotalol (SOT) and pla- 
cebo groups at baseline and during treatment (6 weeks). Note that sotalol is effective in markedly reducing the total VPCs and in 


eliminating the circadian rhythmicity of their occurrence. 


frequency of total VPCs, repetitive ectopy and VT events 
in patients with chronic, complex ventricular arrhythmias 
compared with placebo. Most of the antiarrhythmic effi- 
cacy was established early (by day 2 to 3). Repetitive 
ectopy was more sensitive to suppression by low-dose 
sotalol than isolated ectopic beats. Effects on the electro- 
cardiogram included reductions in heart rate and modest 
prolongations of PR and QTc intervals, with a dose- 
related trend for QTc effect that was not significant. The 
efficacy of higher dose sotalol was greater than that of 
lower dose sotalol for reducing isolated VPCs but not 
repetitive VPC rates. However, the higher dose was 
somewhat less well tolerated (1 discontinuation because 


TABLE Ill Adverse Experience Summary: Sotalol Versus 
Placebo Study 


Sotalol Sotalol 
Category Placebo (320 mg/day) (640 mg/day) 
(Week 36) (n) (n) (n) 


No. of pts 37 38 39 

Any OTC (%) 16 (43) 23 (61) 28 (72) 

Treatment-related 4(11) 15 (39) 20 (51) 
OTC (%) 

Discontinued based 0 
on OTC (%) 

Proarrhythmia (VT) 

Lab abnormalities 


1 (3) 8 (21) 


2 (1) 
5 (14) 


1 (0) 
2 (5) 


2h2)* 
3 (8) 


* 1 = new, sustained VT; 2 = nonsustained, polymorphic VT. 
OTC = on treatment condition; VT = ventricular tachycardia. 
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of adverse effects with low-dose sotalol, 8 because of 
adverse effects with high-dose sotalol). Proarrhythmia 
was infrequent; it occurred in 3 patients taking sotalol 
and in 2 taking placebo. One patient also died from a 
presumed acute myocardial infarction, the onset of which 
preceded the start of treatment with sotalol, 640 mg 4 
times daily. Depression of cardiac function was not ob- 
served in the study. Thus, sotalol was efficacious, com- 
pared with placebo, with the higher dose being superior to 
the lower dose in reducing VPC rates, but the higher dose 
was also somewhat less well tolerated. 


COMPARATIVE TRIAL OF 
SOTALOL AND PROCAINAMIDE 

The comparative effects of sotalol and a frequently 
used, standard class I antiarrhythmic agent, procain- 
amide, were assessed in a multicenter Scandinavian trial 
in patients with chronic ventricular arrhythmias.” 

Methods: Patients were considered for the study if 
they had chronic ventricular arrhythmic frequency of 
>60 VPCs/hour, were in stable clinical condition, and 
met standard inclusion/exclusion criteria similar to those 
of the sotalol/placebo multicenter study.’ The study was 
planned in an open, randomized, crossover design consist- 
ing of 4 parts: The first was a single-blind control period 
during which two 24-hour ambulatory ECG recordings 
were obtained. The second was an active treatment period 
for patients with qualifying arrhythmia, after randomiza- 
tion to the first treatment assignment. Sotalol therapy 
began with an initial dose of 160 mg/day. If VPC reduc- 





tion was less than 75% at the end of 1 week, dose was 
titrated upward to 320, 480 and 640 mg/day, as needed, 
each at weekly intervals. Procainamide therapy was given 
as a loading dose of 1.5 g followed by 1 g every 8 hours. 
After 1 week, a blood level was drawn: if the level was less 
than 4 ug/ml, the dose was increased to 1.5 g 3 times 
daily for 1 week. Two 24-hour recordings were obtained 
at the end of dose titration with the 2 drugs for efficacy 
determination. The third period consisted of a 1-week 
washout period (second control phase) ending with a 
second 24-hour control recording, leading to the fourth 
part, a second treatment period with the opposite therapy, 
using the same dose titration sequence. 

Thirty-three patients entered the study (average age 
55 years, range 30 to 75), They were almost equally 
divided between men and women (17 vs 16). Twelve had 
ischemic heart disease, 5 had cardiomyopathy or myocar- 
ditis and 3 had hypertension. The mean baseline frequen- 
cy of VPCs was 18,321 /24 hours (range 2,689 to 54,638). 

Results: Reduction in VPCs of >75% was achieved in 
22 patients (67%) with sotalol therapy and in 13 (39%) 
with procainamide (Table IV). In the sotalol group, all 12 
patients with ischemic heart disease were responders, in 
contrast to only 10 of 21 patients in the procainamide 
group (100 vs 48%, p <0.01). Six of 12 patients with vs 7 
of 21 without ischemic heart disease responded to pro- 
cainamide (difference not significant). Sixteen patients 
responded to sotalol with a dose of <320 mg/day, and 10 
required 480 or 640 mg/day. For the group as a whole, 13 
(39%) responded only to sotalol, 4 (12%) only to procain- 
amide, 9 (27%) to both and 7 (21%) to neither drug 
(Table IV). 

Adverse effects, usually fatigue, were noted by 9 pa- 
tients taking sotalol and prevented completion of the sota- 
lol part of the study in 5 patients. In 1, VT not observed 
previously was recorded and the patient withdrawn. Ad- 
verse effects, most often gastrointestinal, were reported 
by 12 patients during procainamide therapy. Two of these 
were unable to complete the study. In 1 patient runs of 
VT developed for the first time with procainamide, and 
another had an increase from 2 to 7 episodes of VT. 

Conclusion: In this controlled, crossover comparison, 
the overall effectiveness and tolerance of sotalol appeared 
as good as or better than that of procainamide, suggesting 
it to be a useful alternative antiarrhythmic agent for 
control of chronic VPCs requiring therapy, especially in 
patients with ischemic heart disease. 


COMPARISON OF SOTALOL WITH QUINIDINE 
Quinidine is an important class I antiarrhythmic 
agent for drug comparison studies, both because of its 
long and frequent use and because of the large body of 
comparative data relating its efficacy to that of other 
antiarrhythmic agents. Quinidine and sotalol have been 
compared in a multicenter study in patients with com- 
plex, chronic ventricular arrhythmias. A comparison of 
the hemodynamic effects of the 2 agents has already been 
presented,'° and the report of their comparative antiar- 
rhythmic effects in 144 patients is in preparation. 
Design: The sotalol/quinidine comparative study 
used a placebo-controlled, multicenter, randomized, dou- 
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TABLE IV Comparative Responses: Sotalol Versus 
Procainamide (in 33 Patients with Frequent VPCs)* 


Successful 
Response 
(275% VPC 
Suppression) 
No. (%) 


Successful 
Regimen 


Sotalol, total 

Sotalol only 

Sotalol /ischemic heart disease 
Procainamide, total 

Procainamide only 

Procainamide /ischemic heart disease 
Both 9 (27) 
Neither 7 (21) 


* Adapted from Am Heart J.9 


TABLE V Estimated Efficacy and Tolerance of 
Antiarrhythmic Agents in Patients with Complex VPCs* 


22 (67) 
13 (39) 
12 (100) 


4 (12) 
6 (50) 


% of Pts. 

Responding % 

(= 75% Drug 
Suppression)! Intolerance 


Quinidine 
Procainamide 
Disopyramide 
Tocainide 
Mexiletine 
Flecainide 
Encainide 
Propranolol, etc. 


Amiodarone 
* The table is provided as an estimate and does not imply direct comparisons 
among antiarrhythmic agents in patients with complex ventricular arrhythmias. 
t Using ambulatory monitoring in patients with baseline VPCs 230/hour. 
t Indicated only for life-threatening ventricular arrhythmias. 
$ Dose- and time-dependent; may be life-threatening (pulmonary fibrosis). 
VPCs = ventricular premature complexes. 


ble-blind, crossover design.!° During week 1, washout of 
other antiarrhythmic agents for at least 4 days (over 5 
half-lives) was followed by a screening ambulatory elec- 
trocardiogram. Patients with at least 30 VPCs/hour ad- 
vanced to phase 2. During week 2, a baseline, single- 
blind, placebo-control period was followed by an ambula- 
tory ECG recording. Patients continuing to show quali- 
fying arrhythmias were randomized to double-blind ther- 
apy with either sotalol (320 mg/day) or quinidine (800 
mg/day) in divided doses. An ambulatory electrocardio- 
gram was recorded at the end of week 4. For those achiev- 
ing <75% VPC suppression, compared with baseline, 
dose was adjusted during weeks 5 and 6 to 640 mg/day 
for sotalol and 1,600 mg/day for quinidine. The final 
treatment Holter recording was performed at the end of 
week 6. A placebo washout (single-blind) occurred dur- 
ing week 7 followed by a second baseline ECG recording 
before crossover (double-blind) to the alternative thera- 
py, with dose titration and efficacy assessment as for the 
first treatment phase, during weeks 8 to 11. 

Results of hemodynamic comparisons will be summa- 
rized in this symposium by Mahmarian et al. Results of 
the antiarrhythmic efficacy of the 2 agents are being 
analyzed and are expected to be reported shortly. 
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COMPARISONS AMONG SOTALOL AND 
OTHER ANTIARRHYTHMIC AGENTS 

Table V presents average antiarrhythmic efficacy for 
approved agents, based on reported studies.'!-'* In these 
studies, patients with chronic, frequent ventricular ectopy 
requiring therapy (similar to the patient groups included 
in the sotalol studies previously reported on) were treated 
with various class I, II or III antiarrhythmic agents, and 
the percentage of patients achieving 275% suppression 
was assessed. In addition, the percentage of patients 
showing significant adverse effects, preventing adequate 
drug dosing or requiring drug discontinuation, are given. 
Response rates average 50 to 55% with class IB agents 
(tocainide, mexiletine), 60 to 65% with class IA agents 
(quinidine, procainamide and disopyramide) and 80 to 
85% with the new class IC agents (flecainide and encai- 
nide). The approximate two-thirds response rates with 
sotalol, most often in doses of 320 to 640 mg/day, com- 
pares favorably with these rates. Rates of discontinuation 
with class IA and IB agents, averaging 30 to 40%, appear 
to be higher than has been observed with moderate doses 
of sotalol. Class IC agents are remarkable for their good 
tolerance but have the disadvantage of showing signifi- 
cant proarrhythmic potential in patients with reduced 
ventricular function.!° 

Other factors besides moderate antiarrhythmic effec- 
tiveness and relatively low side-effect potential favor the 
use of sotalol as an antiarrhythmic agent for patients with 
chronic ventricular arrhythmias, when compared with 
standard agents. Patients with ventricular arrhythmias 
may have associated conditions that are beneficially af- 
fected by -blocking therapy, including angina, hyperten- 
sion and postmyocardial infarction risk status. In addi- 
tion, treatment of complex ventricular arrhythmias is 
often undertaken with the hope of reducing excessive risk 
of sudden cardiac death as well as for symptom reduction. 
Mortality reductions, including reductions in sudden car- 
diac death, have been demonstrated to date only for 8- 
blocking drugs,!+!6 including sotalol.'!’ Beta blockers are 
remarkable for their antiarrhythmic and antifibrillatory 
properties in animal models.!*-'? Little data are available 
to support the hypothesis that class I antiarrhythmic 
agents might reduce mortality, and the limited data have 
not been especially encouraging.”°?! The National Insti- 
tutes of Health-supported Cardiac Arrhythmia Pilot 
Study (CAPS) and Suppression Trial (CAST) are being 
conducted to resolve this important question.?! 

Additional support for the use of sotalol in patients 
with frequent, complex arrhythmias on ambulatory mon- 
itoring is the excellent experience with sotalol, compared 
with other agents, in the treatment of more malignant, 
sustained ventricular arrhythmias as assessed by electro- 
physiologic study.?3-*5 The particular benefit of sotalol in 
suppressing both sustained and nonsustained arrhyth- 
mias in patients with ischemic heart disease, those most 
frequently standing to benefit from therapy, is particular- 
ly encouraging. 

Conclusion: The antiarrhythmic efficacy of sotalol is 
well demonstrated by comparisons with placebo, and its 
effectiveness and tolerance appear likely to be as good as 
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or better than standard (class I) comparison agents. 
These several considerations support the use of sotalol as 
a first-line antiarrhythmic agent in many patient groups 
with complex ventricular arrhythmias requiring therapy 
for symptom or risk reduction. Results from additional 
studies and future clinical experience will be of further 
interest to define these comparisons. 
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Suppressant Effects of Conventional Beta 
Blockers and Sotalol on Complex and Repetitive 
Ventricular Premature Complexes 


Prakash C. Deedwania, MD 


Beta-blocking drugs have been shown to reduce the 


overall mortality and risk of sudden cardiac death 
in survivors of acute myocardial infarction. It is not 
known whether such an effect is mediated by sup- 
pression of ventricular premature complexes 
(VPCs). The circadian rhythmicity of ventricular ar- 
rhythmia can also be suppressed by 6-blocking 
drugs, and this may help reduce the risk of sudden 
cardiac death during the morning hours. Recent 
studies have also shown that 8 blockers can provide 
a safe and effective combination with class IA anti- 
arrhythmic agents when arrhythmias cannot be 
controlled with class IA agents alone. 

Sotalol, a nonselective 6 antagonist, has unique 
electrophysiologic properties, and several studies 
have shown it to be more effective than convention- 
al 8 blockers in suppressing ventricular arrhyth- 
mias. However, direct comparative studies of the 
suppression of VPCs are lacking. In a recent dou- 
ble-blind, placebo-controlled, parallel study, the 
antiarrhythmic effects of sotalol and propranolol 
were compared in 172 patients with >30 VPCs/ 
hour. After the initial 1-week washout and 1-week 
placebo period, patients were randomly assigned to 
either 160 mg of sotalol administered twice daily 
(76 patients) or 40 mg of propranolol administered 
3 times daily (91 patients). Those responding to 
therapy (decreases >75% VPCs) continued to take 
these doses, but nonresponders were given higher 
doses, 320 mg of sotalol twice daily or 80 mg of 
propranolol 3 times daily, respectively. The base- 
line mean hourly VPC count, derived from two 24- 
hour Holter recordings during the placebo phase, 
was 274 for sotalol and 255 for propranolol pa- 
tients and was reduced to 54 (80% decrease) for 
sotalol and 104 (59% decrease) for propranolol- 
treated patients at 6 weeks (p <0.002). A signifi- 
cantly greater percentage of patients (56%) re- 
sponded to sotalol compared with those who re- 
sponded to propranolol (29%) (p <0.001). The 
class Ill antiarrhythmic activity of sotalol may ac- 
count for its superiority over propranolol. 

(Am J Cardiol 1990;65:43A-50A) 
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Ithough the antiarrhythmic effects of 6 blockers 
Ax been known for more than 2 decades, it is 

only in the last few years that these agents have 
gained popularity as antiarrhythmic agents in treating 
patients with ventricular arrhythmias. Results of several 
large-scale trials throughout the world clearly demon- 
strate that 6 blockers are effective in reducing the risk of 
sudden cardiac death in survivors of acute myocardial 
infarction.'~+ Although the precise mechanism responsi- 
ble for this reduction in mortality is not clear, it may be 
due in part to their primary antiarrhythmic action. Beta 
blockers have been shown to reduce the frequency of 
spontaneous high-grade ventricular arrhythmias,>!! as 
well as to prevent the induction of ventricular tachycardia 
(VT) during electrophysiologic studies.'* However, the 
latter effect is poorly documented. Beta blockers form the 
mainstay of therapy in patients with exercise and other 
forms of catecholamine-induced ventricular arrhyth- 
mias.'*:'4 Although more than 24 8-blocking agents are 
now available for clinical or investigational use, sotalol, 
an investigational compound, has several unique proper- 
ties! that distinguish it in this class of drugs for use as an 
antiarrhythmic agent in the treatment of ventricular ar- 
rhythmias. 

Sotalol is a noncardioselective 8 blocker devoid of 
membrane-stabilizing or intrinsic sympathomimetic ac- 
tivity and is classified as a class III antiarrhythmic agent 
by virtue of its ability to prolong cardiac repolarization. 
This unique combination of class II and class III antiar- 
rhythmic properties caused considerable interest and in- 
vestigations of its use in managing patients with ventricu- 
lar arrhythmias.'>:!© Recent reports show that it is an 
effective antiarrhythmic agent in treating life-threaten- 
ing and potentially lethal ventricular arrhythmia.'’ The 
suppressant effect of sotalol on ventricular arrhythmia is 
particularly interesting because it is not known whether 
this effect is due solely to its 6-blocking action or whether 
the drug’s net suppressant effect in this regard is en- 
hanced by its well-documented propensity to prolong car- 
diac repolarization. 

The primary purpose of this report is to review the 
available data on the suppressant effects of conventional 
6 blockers and of sotalol on complex and repetitive ven- 
tricular premature complexes (VPCs). The effects of so- 
talol on life-threatening ventricular arrhythmias have 
been dealt with elsewhere in this symposium. This study 
compares the effects of sotalol and conventional 8-block- 
ing drugs and explores the reasons for superiority of sota- 
lol over conventional 6-blocking drugs in controlling ven- 
tricular arrhythmias. 
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PATHOPHYSIOLOGIC CONSIDERATIONS 

Before discussing the effects of 6-blocking drugs on 
ventricular arrhythmias, it is important to review the 
roles of catecholamines and adrenergic stimulation and 
their relation to circadian variations in ventricular ar- 
rhythmias and sudden cardiac death. 

Catecholamines and cardiac arrhythmias: It has 
been known for many years that the sympathetic nervous 
system plays a significant role in the genesis and perpetu- 
ation of potentially serious ventricular tachyarrhyth- 
mias.!8 The primary mediators of this neural perpetua- 
tion of arrhythmias are adrenergic transmitters. This has 
been confirmed by experiments demonstrating the pre- 
vention of ventricular fibrillation by reserpinization in 
experimental animals with cardiac glycoside intoxica- 
tion.!8 It has also been shown that regional cardiac sym- 
pathectomy and left stellate ganglionectomy can control 
recalcitrant ventricular arrhythmias in humans. !8-1° 

The electrophysiologic effects of 8-adrenergic stimu- 
lation on Purkinje fibers and ventricular myocardium are 
well known and complex. These effects depend primarily 
on the concentrations of the catecholamines released and 
on the presence or absence of abnormal cardiac tissue. In 
normal Purkinje fibers, G-adrenergic stimulation causes 
no change in the transmembrane potential at rest, the 
initial portions of the action potential, phase 0 and phase 
1, or conduction velocity.2°*! However, when the Purkin- 
je fibers are paced at a rate sufficient to overdrive sponta- 
neous activity, repolarization is altered with “pure” 8- 
adrenergic stimulation, resulting in modest shortening of 
the action potential duration. In contrast, a-adrenergic 
stimulation results in lengthening of the action potential 
duration.2°2! The most consistent effect of 6-adrenergic 
stimulation in normal Purkinje fibers is an increased rate 
of rise of phase 4 depolarizaton, resulting in increased 
automaticity. 

In normal ventricular fibers, the effects of catechol- 
amines on the action potential are quite similar. There is 
only a minor effect on the resting transmembrane poten- 
tial, action potential duration and conduction velocity, 
despite a marked increase in contractile force. The dia- 
stolic depolarization is not altered either and, thus, auto- 
maticity is not enhanced. However, in the case of partially 
depolarized fibers, especially after high concentrations of 
external potassium, catecholamines may markedly aug- 
ment the upstroke velocity of the resulting slow-response 
potentials, increasing their amplitude and significantly 
prolonging their repolarization phases.7! 

Electrophysiologic effects of beta blockade: The 
electrophysiologic effects of 8 blockade have been exten- 
sively studied in experimental animals and humans?0?! 
and will be discussed only briefly. In concentrations that 
produce substantial 6 blockade, none of the available 8- 
blocking drugs exerts an effect on the resting transmem- 
brane potential, action potential amplitude, or the maxi- 
mal rate or rise of the action potential. Thus, these agents 
do not affect conduction velocity or membrane respon- 
siveness in normal fast sodium-channel-dependent fibers. 
However, in high concentrations, some of the 6 blockers 
(e.g., propranolol, oxprenolol and acebutolol) exert local 
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anesthetic effects on nerves, and they reduce sodium con- 
ductance at the cardiac membrane, an effect particularly 
evident in partially depolarized fibers such as may be 
found in ischemic myocardium.”! Under these conditions, 
8 blockers may depress conduction velocity, shift the 
membrane responsiveness curve in the hyperpolarizing 
direction and prolong the effective refractory period.” 
The most consistent effect of these drugs is to enhance the 
rate of rise of spontaneous diastolic depolarization under 
the influence of catecholamines. The enhanced rate of 
rise of phase 4 depolarization is depressed by @ blockers 
without significant effect on the threshold potential or the 
amplitude of the action potential. The overall effect is 
decreased automaticity in these fibers. Although the ef- 
fects of 8 blockers on triggered automaticity are not well 
established, propranolol has been demonstrated to de- 
crease the amplitude of delayed afterdepolarizations and 
stop triggering in atrial muscle or Purkinje fibers exposed 
to high concentrations of catecholamines or cardiac gly- 
cosides.2? This may be one of the main mechanisms by 
which 6-blocking drugs suppress exercise-induced ven- 
tricular arrhythmias.”? Beta-blocking drugs have also 
been shown to increase ventricular fibrillation threshold 
under both nonischemic and ischemic conditions.*4 In a 
recent study of 5 6-blocking drugs in experimental ani- 
mals, it was clearly demonstrated that all of the 6-block- 
ing agents studied produced significant increases in ven- 
tricular fibrillation threshold, particularly in the ischemic 
myocardium (Fig. 1).*4 These findings may help explain 
the beneficial effect of 8 blockers in survivors of acute 
myocardial infarction by protecting against ventricular 
fibrillation and sudden cardiac death. 

Some other unique features of the electrophysiologic 
actions of 8-blocking drugs are the differences between 
the effects of acute and chronic 8 blockade on the action 
potential. It has been shown by Raine and Vaughan Wil- 
liams?‘ that, in animals treated chronically, propranolol 
and acebutolol produced a modest but significant length- 
ening of the action potential duration without any effect 
on the upstroke velocity. It was postulated that these 
changes during chronic 8 blockade represent physiologic 
adaptation. These data have not been confirmed in clini- 
cal studies, since studies in humans show that QTc may 
be shortened, unchanged or prolonged during chronic ĝ- 
blocking therapy.?! The overall results from available 
studies indicate that even if chronic 6 blockade does pro- 
long the action potential duration, the overall change is 
minimal with the exception of changes produced by sota- 
lol. As discussed elsewhere in this symposium, sotalol is 
unique in that it causes significant prolongation of the 
action potential duration in addition to its 6-blocking 
properties. This property may account for sotalol’s supe- 
riority in suppressing ventricular arrhythmias.!> 

Catecholamines, beta blockade and circadian varia- 
tion in arrhythmias: Recent studies have demonstrated a 
circadian rhythmicity for acute myocardial infarction, 
transient ischemic events and sudden cardiac death. The 
increase in sudden cardiac deaths during morning hours 
may well be due to a significant increase in the frequency 
of VPCs during the morning hours.”°?’ Twenty-four- 
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FIGURE 1. Effect on ventricular fi- 
brillation threshold (VFT) of incre- 
mental dosing with labetalol (dia- 
monds), metoprolol (Wedges) and 
Propranolol (triangles). The VFT in 
milliamperes is shown on the verti- 
cal axis and the drug dose on the 
horizonatal axis. Measurements 
during ischemia are represented by 
open symbols connected by dashed 
lines. Those with ischemia are rep- 
resented by solid symbols and 
lines. (Reproduced with permission 
from Am J Cardiol.24) 


hour Holter monitorings in patients with ventricular ar- ventricular arrhythmias during morning hours by 8 
rhythmia show that the frequency of VPCs increases in blockade may be responsible for the beneficial effects of 
the morning hours. It has been postulated that this morn- these agents in reducing sudden cardiac deaths by remoy- 
ing increase in ventricular arrhythmia density, in con- ing this trigger for ventricular fibrillation in the setting of 
junction with the increases observed in transient myocar- coronary artery disease. 

dial ischemic events and acute myocardial infarctions, 

may account for the increased risk of sudden cardiac SUPPRESSANT EFFECTS OF CONVENTIONAL 
deaths in the morning hours. Although the precise mech- BETA BLOCKERS ON VENTRICULAR 

anism of circadian rhythmicity of ventricular arrhythe PREMATURE COMPLEXES 


mias and ischemic events is not established, it is possible Recent studies>:6.26-30 using a variety of conventional 
that the morning surges in catecholamines may be re- -blocking agents have evaluated the Suppressant effects 
sponsible for the genesis of these conditions and explain of these agents on VPCs, including complex and repeti- 
the effects of 8-adrenoceptor blockade in their control. tive ventricular ectopy (Table I). The results from most of 
Recent studies demonstrate that Ê blockade with acebu- these studies demonstrate nearly 50% efficacy of conven- 
tolol (Fig. 2) or nadolol attenuate or abolish the circadian tional -blocking drugs in suppressing VPC frequency, 
rhythmicity of VPCs.26.27 This decrease in the density of and 40 to 50% of the patients achieve >75% VPC sup- 


FIGURE 2. Circadian Variation of 
mean total ventricular premature 
complexes/hour (mean + standard 
error of the mean) at baseline (bro- 
ken line, top), during placebo ad- 
ministration (solid line, middle) and 
with acebutolol (dotted line, bot- 
tom), Acebutolol markedly atten- 
uated circadian distribution of ven- 
tricular premature complexes. VE = 
ventricular ectopic. (Reproduced 
125 permission from Am Heart 

J. 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 








TABLE I Antiarrhythmic Effects of Conventional Beta 
Blockers in Benign or Potentially Lethal Ventricular 
Arrhythmias Relative to Those of Sotalol 
















Patients 


Study Drug Maximal with 
and Dose VPCs/hour % Efficacy 
Reference Used (mg /day) Reduction (%) 



























Woosley? Propranolol 960 70-100 24/32 (75) 
Singh? Acebutolol 1,800 52 — 
Propranolol 240 47 — 
Pratt? Metoprolol 200 60 10/20 (50) 
Chandraratna2® Acebutolol 1,800 74 14/42 (33) 
Propranolol 240 60 9/42 (20) 
Nademanee® Nadolol 640 86 17 /36 (48) 
Morganroth®° Nadolol 160 85 11/23 (48) 
Myburgh?? Sotalol 160 86 — 
Mary-Rabine?? Sotalol 160 — 5/10 (50) 
Myburg?” Sotalol 320 58 10/22 (45) 
Nadolol 160 61 7/22 (32) 
Anderson!® Sotalol 640 83 33/56 (59) 
Deedwania®® Sotalol 640 80 35/63 (56) 
Propranolol 240 59 22/77 (29) 









VPCs = ventricular premature complexes. 





pression. However, it is difficult to compare the results of 
these studies because the selection criteria for patients 
studied, duration of treatment, as well as doses of ĝ- 
blocking drugs used, varied considerably. 

In the study by Woosley et al,5 32 patients with stable 
and frequent ventricular tachyarrhythmias received pro- 
pranolol given in incremental doses until a defined degree 
of arrhythmia suppression was achieved, adverse effects 
developed, or the maximal dose of 960 mg/day was 
reached. These investigators demonstrated a 70 to 100% 
suppression of ventricular arrhythmia with adequate re- 
sponse achieved in 75% of the patients. Eight patients had 
episodes of VT that responded to lower doses of proprano- 
lol than those required to suppress VPCs. 

More recently, Nademanee et aló reported that, dur- 
ing nadolol treatment with doses titrated up to 640 mg/ 
day, 48% of the 36 patients studied achieved 275% sup- 
pression of ventricular ectopy. Similar to the results of 
Woosley et al, these investigators also found that nadolol 
was effective in reducing VT events by 75% in all of the 1 3 
patients who had these arrhythmias at baseline. This 
dramatic effect of nadolol on VT events is unusual and 
has not been observed in other B-blocking trials, and may 
be due to higher than usual doses of nadolol used. In 
another study, Morganroth and Duchin?° evaluated the 
antiarrhythmic effects of low-dose nadolol in 23 patients 
with benign or potentially lethal ventricular arrhythmias. 
Forty-eight percent of patients responded to nadolol with 
a reduction of >75% in arrhythmia frequency, and sever- 
al patients responded taking as low as 10 mg/day of 
nadolol. 

The antiarrhythmic efficacy of acebutolol and pro- 
pranolol was evaluated in a double-blind, placebo-con- 
trolled, randomized, crossover study by Singh et al.2® In 
this study of 31 patients with more than 30 VPCs/hour, 
both acebutolol and propranolol produced comparable 
(52 and 47%, respectively) and significant reductions in 
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VPC frequency during both 24-hour Holter monitoring 
evaluation and exercise testing (51 and 69%, respective- 
ly). 

In a recent report summarizing the results of 3 large 
multicenter clinical trials, Chandraratna° reported the 
comparative efficacy of acebutolol, placebo, propranolol 
and quinidine in a total of 217 patients with chronic 
frequent VPCs. As shown in Table II and III, acebutolol 
significantly (p <0.002 to p <0.001) reduced mean total 
VPCs as well as complex VPCs compared with baseline. 
The efficacy of acebutolol was superior to placebo and 
comparable to that of propranolol and quinidine. Also, 
the number of patients with adequate (275%) suppres- 
sion of VPCs was comparable for acebutolol, propranolol 
and quinidine. 

The results from studies just discussed indicate that 
most conventional -blocking drugs significantly sup- 
press VPCs in patients both with and without organic 
heart disease. These effects are characterized by (1) a 
significant reduction in VPC frequency with adequate 
(275%) suppression in approximately 50% of the pa- 
tients, (2) a greater response for higher grades (complex 
VPCs and ventricular couplets) of VPCs, and (3) aboli- 
tion or marked attenuation of the circadian pattern of 
VPC distribution (Fig. 2). Another major advantage of 6 
blockers in comparison with other antiarrhythmic drugs 
has been a relatively good safety record with very few 
adverse effects. 3 

In general, 8 blockers have not been shown to produce 
proarrhythmic effects. Because of their good safety re- 
cord and different mechanism of action, 8 blockers also 
are frequently used in combination therapy with class | 
antiarrhythmic agents. In a recent study,?! the effects of 
8 blockade with nadolol combined with procainamide 
and quinidine were studied in 18 patients refractory to 
class IA agents alone. The combination therapy signifi- 
cantly reduced total VPC frequency during titration as 
well as during the double-blind phase (Fig. 3). A positive 
response, defined as a decrease of =75% in VPCs, was 
documented in 57% of patients during the titration phase 
and 63% of patients during double-blind treatment. 


SOTALOL AND SUPPRESSION OF 
VENTRICULAR PREMATURE COMPLEXES 

Because of its unique electrophysiologic spectrum of 
action, sotalol is thought to be superior to conventional ĝ- 
blocking agents in treating ventricular arrhythmias. 
However, as discussed, most conventional 8 blockers have 
also been shown to suppress ventricular arrhythmias; 
thus, to demonstrate its superiority, it is essential to com- 
pare the relative potency of sotalol to that of conventional 
B-blocking agents. 

The antiarrhythmic efficacy of sotalol on VPCs has 
been known for many years. Earlier studies were per- 
formed in small numbers of patients using inadequate 
dosages of sotalol. Recently, in the study by Myburgh et 
al,32 optimally titrated doses of sotalol suppressed the 
frequency of VPCs by 86% in 20 patients with ischemic 
heart disease. Mary-Rabine et al33 reported the long- 
term effects of sotalol in doses of 80 to 160 mg/day in 10 








TABLE Il Summary of Efficacy Results: Acebutolol Versus Propranolol in Ventricular Arrhythmia (n = 42) 


Acebutolol 
ESM LP, Ge L Ne SEATS 1S 
Dose 
Titration Maintenance 


Parameters Baseline 


Mean total VPCs/hour 
Minimum VPCs /hour 
Maximum VPCs /hour 
Mean paired VPCs /hour 
Mean VT beats /hour 
Multiform beats (%)* 
R-on-T beats (%) 
% Below baseline 
minimal total VPCst 
Mean hourly heart rate 


26.54 44.5 
33.8 + 9.1 
677.5 + 93.8 
15.6 + 4.6 

1.0+0.3 
63.3 + 6.2 
1.7+09 
0.0 + 0.0 


63.64 17.2 
8.14+2.5 

299.1 +61.9 
4.3413 
0.3 + 0.2 
49.4 + 6.1 
L2t12 
73.8 + 6.9 


82.3 + 22.3 
11.6+3.6 
299.0 + 65.9 
9.3 + 2.7 
0.1+0.0 
56.3 + 6.0 
0.4+0.3 
73.8 + 6.9 
73.341.4 


64.1 + 1.1 66.7 + 1.2 


Propranolol 


Dose 


Titration Maintenance 


140.3 + 40.3 
27.8 +9.2 
375.0 + 82.0 

8.8 + 3.6 
0.2+0.1 
61.4459 
0.2+0.1 
59.5+7.8 


115.3431.1 
20.1 + 6.2 
410.3 + 84.6 
63421 
0.3 + 0.1 
60.5 + 6.2 
0.1 +40.1 
54.8 + 7.8 


63.6 + 1.2 63.6 + 1.2 


Drug Free 


222.6 + 41.0 

36.4 + 10.8 

629.3 + 80.5 
8.5 + 2.6 
1.3 + 0.6 
66.0 + 6.2 
0.1 + 0.1 
38.1 + 7.6 


78.6 + 1.7 


* Hours noted. 


t Twenty-five percent of observations are generally expected to be less than the minimum of 3 preceding observations. 


Values are mean + standard error of the mean. 
VPC = ventricular premature complexes; VT = ventricular tachycardia. 
Adapted with permission from Am Heart J.26 


patients with organic heart disease and symptomatic ven- 
tricular ectopy. Serial Holter recordings were obtained 
before sotalol was started and then at 3- and 6-month 
intervals during sotalol therapy. Initially, a significant 
suppression of ventricular ectopy was observed in 9 of 10 
patients and, during long-term therapy, the efficacy was 
maintained in 50% of the patients, including suppression 
of complex and repetitive ectopy. 

In a more recent double-blind, placebo-controlled 
study, Anderson et al!6 evaluated the suppressant effects 
of sotalol, given in doses of 320 or 640 mg/day, on com- 
plex ventricular ectopy in 56 patients with chronic VPCs. 
The doses significantly reduced the median arrhythmia 


frequency by 77 and 83%, respectively (p <0.001), com- 


pared with a 6% reduction during placebo administration. 
Fifty-nine percent of the sotalol group achieved adequate 
suppression, defined as 75% reduction in ventricular ec- 
topy, compared with an 11% response in the placebo 
group. The effects of sotalol on couplets and runs of 


nonsustained VT were even more dramatic, showing a. 


94% (p <0.0001) and 89% (p <0.0007) reduction, re- 


spectively. 
Another blinded, placebo-controlled study34 demon- 
strated the efficacy of sotalol in suppressing VPCs. Four- 


teen patients with history of myocardial infarction and 
high-density, stable VPCs were given 320 mg of sotalol or 
matching placebo. In 6 of 14 patients, the total number of 
VPCs decreased by 50% with greater suppression of the 
higher grades of ventricular ectopy. There were no ad- 
verse reactions and left ventricular ejection fraction was 
unchanged. In addition, a significant (p <0.0005) corre- 
lation was noted between an antiarrhythmic effect and 
the prolongation of the QTc interval. 

Wang et al?’ examined the significance of the length- 
ening of cardiac repolarization on heart rate and arrhyth- 
mia suppression induced by sotalol. Seventeen patients 
followed an incremental dose-regimen protocol under se- 
rum drug-concentration control. Sotalol at doses of 160, 
320, 640 and 960 mg was given once or twice daily. 
Eleven of the 17 patients derived antiarrhythmic response 
with a 70 to 100% reduction of VPCs at a wide range of 
plasma concentrations; the responders included 8 patients 
who had poor responses with conventional 6-blocking 
therapy. The sotalol concentration at which QTc prolon- 
gation was noted (2.55 mg/liter) was greater than that 
producing 50% reduction in exercise-induced increases in 
heart rate (0.80 mg/liter). 

The antiarrhythmic effects of sotalol have also been 


TABLE Ill Summary of Efficacy Results: Acebutolol Versus Quinidine in Ventricular Arrhythmia 


Heart rate (beats /min) 
Resting 
Peak 
VPCs (rate /hour) 
At rest (Holter) 
During exerciset 
Higher grade VPCs 
At rest (VPCs/hour) 
* Based on average of two visits. 
t Computed as rate /hour. 


Values are mean + standard error of the mean. 
Adapted with permission from Am Heart J.26 


Baseline* 


83.1 + 2.7 
110.9 + 4.0 


223.6 + 48.4 
501 + 73.8 


2.43 + 0.55 


Acebutolol* 


65.0 + 1.7 
93.3 + 2.9 


97.8 + 37.5 
158.4 + 52.2 


1.14 + 0.47 


Quinidine* 
82.4 + 2.9 


111.6:+3.7 


137.5 + 49.3 
262.2475 


0.87 + 0.21 


Drug Free 


81.14+3.1 
111.3+43.7 


145.1 + 42.7 
305.4 + 70.2 


1.96 + 0.65 


THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 2,1990 47A 








A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 














350 7 
300 
250 
“VPC'S” 
Per 200 
Hour 
150 
100 
50 * 
9 Post = 
Class | 
*p=<001 Alone & Nadolol 
350 
300 
250 
“NPC'S 
Per 200 
Hour 





Pre Post Pre Post 
Nadolol Class | 
& Class | Alone 
*p= <005 


FIGURE 3. Top, mean hourly ventricular premature complex 
(VPC) frequency at baseline and at the end of nadolol dose ti- 
tration. Bottom, mean hourly VPC frequency before and after 
double-blind therapy with nadolol plus a class | agent or a 
class | agent alone. (Adapted from Am J Cardiol.?*) 


compared with those of class I antiarrhythmic agents. In 
a recent study, Lidell et al?° compared the efficacy of oral 
sotalol (160 to 640 mg/day) and procainamide (1 to 1.5 g 
3 times daily) in 33 patients with chronic, stable VPCs in 
an open, randomized, crossover study. Sotalol produced 
>75% reduction of VPCs in 67% of the patients. Procain- 
amide was effective in 39%. When VPCs were signifi- 
cantly reduced, both drugs induced comparable reduc- 
tions in runs of nonsustained VT. Nine patients respond- 
ed to both agents, and 7 failed to respond to either of the 
drugs. 

The results of these studies indicate that sotalol is an 
effective antiarrhythmic agent and causes significant re- 
ductions in the total VPC frequency as well as complex 
and repetitive ventricular ectopy. The overall response 
rates achieved during treatment with sotalol in these 
studies appear to be better than those reported with con- 
ventional B blockers in treating patients with chronic 
ventricular arrhythmia. 


COMPARATIVE EFFECTS OF SOTALOL AND 
CONVENTIONAL BETA BLOCKERS IN 
SUPPRESSION OF VENTRICULAR 
PREMATURE COMPLEXES 

Whether sotalol is more effective than conventional 6 
blockers can be established only by direct comparison of 
equiactive -blocking doses of sotalol and conventional 8- 
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blocking drugs in a stable population of patients with 
comparable ventricular arrhythmias. Little data are 
available for such direct comparison. 

In a single-blind, crossover trial, Myburgh et al?’ 
compared the suppressant effects of sotalol and nadolol 
on ventricular ectopy in 22 patients with stable chronic 
ventricular arrhythmias. All patients had 21 acute myo- 
cardial infarction at least 3 months before the study and 
were required to have 230 VPCs/hour during the 24- 
hour Holter monitoring at baseline after withdrawal of all 
antiarrhythmic agents including 6-blocking agents. After 
a 2-week placebo period, patients began therapy with 
either 160 mg of sotalol or 80 mg of nadolol once daily in 
a randomized fashion. After 1 week of active therapy, 
patients were evaluated, and the dosage of the study drug 
was doubled in those not achieving a 90% reduction in 
VPC frequency. Patients were reevaluated after another 
week of therapy with the effective or highest dosage. This 
was followed by another 7-day placebo period before 
crossing over to the other drug, and the sequence of events 
was repeated exactly as before. 

At baseline, the average hourly VPC count was 238 
and decreased to 146 (61% reduction) during therapy 
with 80 mg of nadolol. Seventeen patients were advanced 
to the higher dose of nadolol (160 mg) because of an 
inadequate response, and only 2 of the 17 achieved 90% 
suppression at the higher dose. These data revealed that a 
higher dose of nadolol was no more effective than the 
lower dose. In contrast, during sotalol treatment, the 
baseline average hourly VPC count was 256 and de- 
creased to 199/hour during low-dose administration with 
a further reduction to 109/hour during high-dose admin- 
istration. The higher dosage of sotalol was significantly 
(p <0.02) more effective than the lower dose. Using 
>90% suppression as the criterion for adequate suppres- 
sion, only 7 patients achieved the desired response, but 10 
patients (45%) showed 275% VPC suppression during 
sotalol treatment. Because the highest dose of sotalol was 
only 320 mg, a higher dosage of sotalol may have pro- 
duced greater VPC suppression. This is partially support- 
ed by the fact that the average heart rate over 24 hours 
decreased to only 67 and 65 beats/min (from a baseline 
heart rate of 85 beats/min) during 160 and 320 mg/day 
of sotalol compared with 64 and 63 beats/min during 80 
and 160 mg/day of nadolol. The QTc interval was not 
prolonged in these patients during sotalol therapy, further 
suggesting the possibility of inadequate dosage and the 
potential for additional benefit from higher doses produc- 
ing prolongation of the QTc interval. 

In a more recent double-blind, placebo-controlled, 
parallel study, Deedwania et al** compared the effects of 
sotalol and propranolol in 172 patients with chronic sta- 
ble frequent (average of >30 VPCs/hour) ventricular 
arrhythmias that would generally warrant treatment in 
clinical practice. Seventy-three percent of the patients 
were men (mean age 62 years). All antiarrhythmic drugs 
and B-blocking agents were discontinued during the ini- 
tial week and placebo was administered for 7 additional 
days. Two 24-hour Holter recordings were obtained at 
the end of the placebo phase, and qualifying patients with 
an average of >30 VPCs/hour were randomized to 160 
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FIGURE 4. Effects of sotalol and 
propranolol on mean total hourly 
ventricular premature complex 
(VPC) frequency during initial 
(phase 1) and final (phase 2) 2 
weeks of double-blind treatment. 
(Adapted from Circulation.?®) 
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mg of sotalol twice a day (76 patients) or 40 mg of 
propranolol 3 times a day (91 patients). Adequate VPC 
suppression was defined as >75% reduction in frequency, 
and patients not achieving this response during the initial 
2-week therapy were advanced to higher doses consisting 
of 320 mg of sotalol twice daily or 80 mg of propranolol 3 
times a day. The treatment was then continued for anoth- 
er 2 weeks, and 24-hour Holter recordings were obtained 
at the end of this treatment. In the group receiving sota- 
lol, the mean hourly VPC count on two 24-hour Holter 
recordings was 274 and decreased to 54 (80% reduction) 
by the end of 4 weeks of therapy (Fig. 4). In contrast, in 
the propranolol-treated group, the baseline mean hourly 
VPC count was 255 and decreased to 104 (59% reduc- 
tion) by the end of 4 weeks of propranolol therapy. Fifty- 
six percent of patients treated with sotalol achieved ade- 
quate suppression (275% reduction) of VPCs compared 
with only 29% of the patients receiving propranolol. 


DISCUSSION 

This review of currently available data indicates that 
sotalol and conventional 8-blocking agents are effective 
in suppressing VPCs in patients with and without heart 
disease. The results of 2 comparative studies with sotalol 
and conventional 6-blocking agents, nadolol and pro- 
pranolol, indicate that sotalol is more effective than both 
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conventional 6 blockers in suppressing total VPC fre- 
quency as well as complex and repetitive ectopy. Al- 
though more studies directly comparing sotalol and con- 
ventional 6 blockers are needed, the preliminary results 
from our study of 172 patients with potentially lethal 
ventricular arrhythmias show significant superiority of 
sotalol over propranolol in reducing the frequency of 
chronic stable VPCs. Furthermore, the percentage of pa- 
tients achieving adequate (>75%) suppression of VPCs 
was significantly greater (56%) with sotalol than with 
propranolol (29%). Data presented elsewhere in this sym- 
posium by Nademanee and Singh?’ also indicate sotalol’s 
usefulness in patients with symptomatic sustained VT or 
ventricular fibrillation, even when these arrhythmias 
were refractory to available conventional antiarrhythmic 
agents. In these patients, sotalol was found to be a power- 
ful suppressant, having selectivity of action, as in the case 
of most 6 blockers, for the complex and repetitive forms 
of VPCs. 

Although the data appear to be reasonably compel- 
ling, that sotalol might exert a more powerful suppressant 
effect on VPCs than conventional 8 blockers, the precise 
reason for the difference is not clear. Two possibilities 
should be considered. First, the difference may relate 
solely to differences in the extent of 8-blocking potencies 
of the doses of the drugs used chronically. To achieve 
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quantitatively equivalent 6-blocking effects by any 2 B 
antagonists is notoriously difficult. Sotalol has 100% bio- 
availability and a rapid onset of action and prolonged 
duration of activity due to a long elimination half-life. 
These properties may permit more pronounced and con- 
tinuous 8 blockade than many other 6 blockers, with a 
consequent effect on arrhythmia suppression. The other 
possibility that has been suggested? is that the associated 
class III action of sotalol might contribute to its overall 
effect of suppressing VPCs. However, Singh“ indicated 
that the “isolated” lengthening of the action potential 
duration (a class III effect) does not necessarily consti- 
tute a powerful mechanism for VPC suppression. For 
example, clofilium, an adrenergic neuron-blocking drug, 
produces a massive lengthening of cardiac repolarization 
but is devoid of a suppressant effect on VPCs.*° A syner- 
gistic effect between B blockade and prolonged cardiac 
repolarization cannot be excluded. 


CONCLUSION 

Whatever mechanism might be established for the 
apparently greater suppressant effect of sotalol on VPCs 
relative to conventional 8 blockers, the clinical implica- 
tions of the observation should be emphasized. There are 
2 consequences of the suppressant effect on VPCs and the 
pronounced and predictable effect on the effective refrac- 
tory period of cardiac muscle. First, removal of the trig- 
ger mechanism by the antiectopic action will reduce the 
probability of the arrhythmias being initiated. Second, 
lengthening the refractory period will be associated with 
an antifibrillatory mechanism resulting from the widen- 
ing of the tachycardia cycle length. These electrophysio- 
logic mechanisms of sotalol, in conjunction with its 
known anti-ischemic actions, are likely to provide the 
basis for reducing the incidence of sudden death from 
arrhythmias in patients with coronary artery disease. 
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Discussion II: Sotalol and Suppression of 
Ventricular Premature Complexes 


Dr. Jeffrey Kluger (Farmington, Connecticut): Dr. 
Anderson, I was interested in your data on the ventricular 
premature complex (VPC) suppressant effects of sotalol. 
Have you analyzed your data on the magnitude of sup- 
pression relative to heart rate changes? 

Dr. Jeffrey Anderson (Salt Lake City, Utah): I do not 
recall a specific analysis on that point. It is, however, an 
interesting and important question. What might you ex- 
pect? 

Dr. Kluger: I think that reducing the heart rate will 
reduce the VPC frequency, and the question arises 
whether sotalol then acts as a 8 blocker or additionally as 
a class III antiarrhythmic. 

Dr. Anderson: | think that Dr. Deedwania’s data sup- 
port the latter possibility. It shows suppressant action on 
the circadian rhythmicity of VPC occurrence; the sponta- 
neous frequency in the group was greater during daytime 
hours. Presumably, if the heart rate had been plotted 
against the VPC frequency, there might have been evi- 
dence of parallelism between the effects. One might have 
expected a greater VPC reduction induced by sotalol 
when the heart rate was higher under baseline conditions. 
I wonder if it would be more appropriate to look at VPC 
frequency as a function of heart rate, as Dr. Lawrence 
Hinkle did in the 1970s using VPC counts per thousand 
beats as a way of evaluating the VPC frequency. 

Dr. Bramah Singh (Los Angeles, California): Per- 
haps; however, the clinical significance of such an ap- 
proach is not immediately apparent. 

Dr. Steven Singh (Washington, D.C.): Could you give 
us the incidence of the proarrhythmia as seen in these 
patients in your outpatient studies? 

Dr. Anderson: In the placebo-controlled study that I 
presented, there were 2 instances requiring stopping the 
drug from the high-dose group because of a “proarrhyth- 
mia.” In 1, there was new sustained ventricular tachycar- 
dia (VT). In the other, there was syncope, bradycardia 
and some salvos; what this was caused by was not clear. 
There was only 1 death in the study and that was in 1 
patient (among 114) who sustained a new myocardial 
infarction. His chest pain began before he took the first 
dose of sotalol. 

Dr. Steven Singh: The incidence of proarrhythmia 
can be looked at in several ways. One is clearly the devel- 
opment of life-threatening events; another is an increase 
in VPCs. In the case of encainide and flecainide, at least 
in the CAPS study, the proarrhythmia was 2 to 4% as 
seen by Holter monitoring during the initial hospital stay. 
Do you judge the incidence the same way as for outpa- 
tients? Would you still expect the incidence to be 2 to 4%? 

Dr. Anderson: Yes, it was in that range for sotalol. 
Roughly 1 or 2 of 65 in the 2 groups would be in that 
range, 2 to 4%. Of course, the precise percentage will 
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depend on how you define a proarrhythmia, and this 
should be standardized. 

Dr. James Reiffel (New York, New York): Sotalol is 
being compared with several other agents such as those 
from classes IA, IB and IC in the Holter vs the Electro- 
physiologic Programmed Studies trial in patients with 
lethal ventricular arrhythmias. Although the results of 
this study will not be known until 1992 or 1993, I can 
comment based on results at our own center. The results 
for sotalol are quite favorable, if not better than those for 
the alternative agents in that trial. The Safety Board has 
found no increased incidence of proarrhythmic events in 
the sotalol population or the drug would have been re- 
moved from the trial. 

Dr. Bramah Singh: That is interesting and important. 
I have believed for a long time that drugs that prolong 
refractoriness without much effect on conduction are 
likely to be more effective and less proarrhythmic. Your 
data are consistent with what have been theoretical con- 
siderations on my part. I think that the proarrhythmic 
effects of sotalol (and presumably with other more or less 
selective class III agents) manifest as torsades de pointes, 
rather than the conventional type of proarrhythmic effect 
(namely, increases in VPCs), which is often difficult to 
distinguish from the natural variation in the occurrence 
of the arrhythmia. In the absence of the development of 
symptoms, it is difficult to call it a proarrhythmic action 
with complete certainty. 

Dr. Deedwania, I have a question about the relation- 
ship between lengthening of the action potential duration 
and the suppression of VPCs. The data available come 
from several studies that emphasize the importance of 8 
blockers as VPC suppressants. For example, a multicen- 
ter study comparing quinidine and acebutolol! resulted in 
no significant difference in efficacy. The data from Dr. 
Mahmarian’s center showed that quinidine and sotalol 
did not appear to differ very much in terms of suppression 
of total VPCs?; your data show a trend, at least for the 
total VPC count, but not a big difference between cou- 
plets or repetitive forms or VT events, which really is the 
crucial issue with sotalol. Would you comment on these 
apparent discrepancies in data relative to the question of 
whether there is a real difference between the effects of a 
conventional 8 blocker and sotalol in suppressing VPCs? 
In addition, if there is indeed more than a statistical 
difference, how does one account for it? 

Dr. Prakash Deedwania (Fresno, California): First, 
there is a difference when one compares propranolol with 
sotalol; overall, sotalol is more effective in suppressing 
VPCs. As I mentioned, the patients in this study were not 
selected because of having high-frequency repetitive ven- 
tricular ectopy or VT. However, although we cannot 
prove it, the class III action of sotalol could contribute to 
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the overall effect in suppressing VPCs and repetitive ec- 
topy. Alternatively, there may be an effect on conduction, 
which may be more marked in diseased or scarred tissue 
as might occur in infarction. Dr. Singh, you might have 
other explanations. 

Dr. Bramah Singh: Not at all, although it intrigues 
me. However, if you postulate the involvement of a class I 
effect in diseased tissues and at high concentrations, it is a 
possibility. Why 1 compound (e.g., clofilium) that length- 
ens repolarization markedly has no VPC suppressant ef- 
fect and another like sotalol, which appears to be more 
potent than a conventional 8 blocker, has a significant 
effect is still not known. d-Sotalol may give us a real 
opportunity to define the relative importance of 8 block- 
ade vs the class III effect of the drug in different subsets 
of arrhythmia patients, especially those with VPCs. 

Dr. Deedwania: I am not sure whether it will be easy 
to differentiate the relative effects of class III vs -blocker 
effects by using d-sotalol. We noted that, in patients with 
high heart rate, there were no differences between pro- 
pranolol and sotalol, whereas in those who started with 
heart rate less than 75 beats/min, the sotalol group did 
better. This indicates that some unique property of the 
drug, possibly class III action, explains the greater effect. 

Question: Did the doses employed for sotalol and pro- 
pranolol have equivalent 6-blocking effects? 

Dr. Deedwania: Yes. I did not show the data for the 
entire 24-hour period with respect to the mean heart rate; 
the values were very comparable and there was equiva- 
lent 8 blockade by both drugs. 

Dr. Bramah Singh: I must emphasize, however, that 
to choose precisely the equivalent 6-blocking doses of 2 
antagonists is notoriously difficult by the use of resting 
heart rate alone. It would be prudent also to subject a 
group of patients to exercise to arrive at equivalent doses 
with a greater measure of certainty. Dr. Antonaccio, as a 
professional pharmacologist, what are your thoughts? 

Dr. Michael Antonaccio (Wallingford, Connecticut): | 
do not believe that is really important, because when he 
doubled the dose of propranolol, there was no further 
increase in efficacy, whereas when he doubled the dose of 
sotalol, there was a doubling of efficacy. Therefore, | 
believe that it really is irrelevant in this particular trial. 

Dr. Reiffel: I have just 1 caveat. In our d-sotalol expe- 
rience with supraventricular arrhythmias,’ we noticed 
that a substantial minority of patients developed cycle- 
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length-related, left bundle branch block with premature 
contractions. Therefore, I am a little concerned about 
Holter judgments of VPC counts without a really precise 
delineation that these complexes were not supraventricu- 
lar in origin. In other words, I suggest that we look at both 
atrial and ventricular extrasystoles to be sure that we are 
not merely confusing the configuration of atrial beats and 
miscounting them as ventricular. 

Dr. Deedwania: Are you saying that during a 24-hour 
period, occasionally a left bundle branch block comes and 
goes intermittently? 

Dr. Reiffel: Yes, we had 3 or 4 such patients. Of 10 
patients on d-sotalol, atrial ectopy was noted to have a left 
bundle configuration consistently through the day and 
that was not present in the control state; I suspect it is 
because with the action potential duration and refractory 
period prolongation this might occur. 

Dr. Deedwania: At the point when the patients here 
had Holter evaluations, they also had a 12-lead electro- 
cardiogram with a long rhythm strip. They did not have 
any obvious left bundle branch block or any other intra- 
ventricular conduction defect. If they did, then obviously 
there would be difficulties. 

Dr. Bramah Singh: | have a little problem with the 
conclusions with respect to the finding that there was no 
selectivity of suppression of repetitive VPCs by proprano- 
lol or sotalol. In our experience with giving sotalol to 
patients with more malignant arrhythmias, some of 
whom had VT, sotalol eliminated the runs of nonsus- 
tained VT. We have had a similar experience with nado- 
lol.4 I believe that perhaps the differences noted might 
reflect differences in patient populations. 

Dr. Deedwania: | agree with you. 
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Effects of Sotalol on Ventricular Tachycardia and 
Fibrillation Produced by Programmed Electrical 
Stimulation: Comparison with Other 
Antiarrhythmic Agents 


Koonlawee Nademanee, MD, and Bramah N. Singh, MD, DPhil 


Sotalol, a 6 blocker, is now recognized as an impor- 
tant class Ill agent. The drug lengthens the action 
potential in most cardiac tissues without affecting 
conduction. Several studies have shown that sotalol 
is very effective in treating life-threatening arrhyth- 
mias. One hundred thirty-eight patients with induci- 
ble and clinically sustained tachycardia were retro- 
spectively analyzed. With the use of the $,S.S; 
stimulation protocol for ventricular tachycardia 
(VT) induction, sotalol prevented VT/ventricular fi- 
brillation (VF) induction in 45% of the patients; 
other class I agents prevented VT/VF induction in 
only 15 to 22%. Data were also analyzed from a 
prospective multicenter study comparing sotalol 
with procainamide in suppressing sustained VT in 
153 patients with symptomatic sustained VT/VF. 
With the use of the $,S.S;3S, stimulation protocol, 
sotalol prevented VT/VF induction in 35% of the 
patients, whereas procainamide prevented VT/VF 
induction in only 22% (difference not significant). 
When patients whose VT induced by the triple- 
stimuli protocol were excluded, sotalol prevented 
VT induction in 53%. These findings indicate that 
the antiarrhythmic effects of sotalol are compara- 
ble to those of class | agents in treating malignant 
arrhythmias. Although more data are needed on 
the comparative effects of sotalol, available data 
establish sotalol as an important addition to avail- 
able antiarrhythmic agents. 

(Am J Cardiol 1990;65:53A-—574A) 
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recent years have significantly advanced the treat- 
ment of life-threatening cardiac arrhythmias.! Of 
these, compounds that lengthen repolarization—class III 
agents—intrigue electrophysiologists and cardiologists 
alike. The surge of interest in these compounds stems in 
part from the widespread attention in the early 1980s to a 
particular class III agent: amiodarone.” Despite its well- 
known adverse effects, amiodarone continues to be widely 
used because it is a remarkably effective antiarrhythmic 
agent for patients with malignant ventricular arrhyth- 
mias. Initially, amiodarone was believed to exert its 
antiarrhythmic effects primarily by lengthening cardiac 
repolarization.* However, recent data indicate that amio- 
darone has, in fact, a more complex array of electrophysi- 
ologic (EP) effects: weak sodium-channel blocking, calci- 
um antagonistic, and nonspecific sympathetic blocking 
effects. Thus, one cannot attribute amiodarone’s antiar- 
rhythmic effects to its action on repolarization alone. 
Nevertheless, it appears that the lengthening of cardi- 
ac repolarization as a discrete antiarrhythmic effect is an 
idea whose time has come.** In the search for new com- 
pounds with class III antiarrhythmic effects, sotalol has 
emerged as a promising agent.’ Sotalol, which is also a 6- 
blocking agent, is actually a purer class III agent than 
amiodarone.® Therefore, if the lengthening of cardiac 
repolarization is an important antiarrhythmic effect, so- 
talol should be more effective in treating various cardiac 
arrhythmias. In this report, we compare the effects of 
sotalol with those of other antiarrhythmic agents and 
critically evaluate the compound’s effectiveness as an 
antiarrhythmic for treating malignant ventricular ar- 
rhythmias. We focus on published reports,®!° our data, 
and data from a multicenter study comparing the effects 
of sotalol with those of procainamide. 


S= new antiarrhythmic agents introduced in 


COMPARISON OF ELECTROPHYSIOLOGIC 
EFFECTS OF SOTALOL WITH OTHER 
ANTIARRHYTHMIC AGENTS 

Although sotalol was introduced as a 6-adrenergic 
blocking agent, its EP effects differ markedly from those 
of other 8 blockers’; the details are provided elsewhere in 
this symposium.'! Administered acutely, sotalol length- 
ens the action potential duration with concomitant 
lengthening of the effective and absolute refractory peri- 
ods of ventricular muscle in a dose-dependent manner!2 
(Table I); in contrast, other 8 blockers have no acute 
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TABLE I Electrophysiologic Characteristics of Sotalol Versus Other Antiarrhythmic Agents 


Parameters Sotalol Propranolol Amiodarone Type 1A Type 1B 


Marked Variable 
increase 
Increase 
Decrease 
during fast 
rate 
Antisympathetic 
Yes 


Marked Increase No change 
increase 
Increase 


No change 


Action potential No change 
duration 
Ventricular ERP 


Vmax 


Increase 
Marked 
decrease 


Decrease 
No change 


Increase 
Decrease 


No change 
No change 


None 
Yes 


None 
Yes 


8 blockade 
Yes 


Antivagal 
Yes 


Autonomic effects B blockade 
Local anesthetic No 





ERP = effective refractory period. 


effects on repolarization.!? Therefore, the effects of sota- 
lol on repolarization are unlikely to be mediated by the 
compound’s antiadrenergic effects.!4 

Sotalol and amiodarone have similar effects on repo- 
larization during chronic drug administration. Sotalol 
differs from amiodarone in not affecting the upstroke 
velocity of phase 0 (Vmax) of the action potential—the 
local anesthetic effect. Amiodarone suppresses the Vmax 
rapidly—the use-dependent block. Sotalol differs from 
all class I antiarrhythmic agents in this regard (Table I). 
Sotalol increases the effective refractory period, sinus 
cycle length, atrioventricular nodal conduction and the 
His-Purkinje conduction of atrial and ventricular mus- 
cle,! but does not affect QRS and HV intervals. 


EFFECTS OF SOTALOL IN 
LIFE-THREATENING 
VENTRICULAR ARRHYTHMIAS 

The role of sotalol in treating patients with recurrent 
ventricular tachycardia/ventricular fibrillation (VT/ 
VF) has been evaluated recently.’:'° Two systematic un- 
blinded studies®:!° have provided data on the efficacy of 
sotalol in controlling refractory VT/VF. 


SOTALOL AND INDUCIBILITY OF 
VENTRICULAR TACHYCARDIA 

Senges et al? performed EP testing in 18 patients 
before and after administration of an intravenous 1.5- 
mg/kg dose of sotalol with double stimuli for VT/VF 
induction. In this study, sotalol prevented reinduction of 
the tachycardia in 12 of 18 patients (67%). The effect on 
inducibility was not systematically related to the length- 
ening of the QTc interval. Nine of these 12 patients were 
given oral sotalol, and 4 other patients were given another 
regimen. Of these 13 patients, 12 had successful long- 
term effects and 1 had partial response over a mean 
follow-up period of 16 months (range 8 to 24). Heart 
failure or sinus node dysfunction developed in 3 patients 
during the early months of treatment. The investigators 
concluded that sotalol’s overall antiarrhythmic response 
was not typical of 8 blockers; they related sotalol’s ob- 
served effects to its property of prolonging the cardiac 
action potential duration. Our experience supports these 
data.’ 

We investigated the effects of sotalol in preventing 
inducible VT and the long-term effects of chronic, oral 
sotalol therapy in controlling recurrent arrhythmias. We 
studied 37 patients (36 men, 1 woman; mean age 58 
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years, range 25 to 72) with clinically sustained recurrent 
VT/VF. None had a reversible cause of ventricular ar- 
rhythmias or recent (in the 4 weeks immediately preced- 
ing the study) myocardial infarction. Except for 1 patient 
with sarcoidosis, all patients had coronary artery disease. 
The mean left ventricular ejection fraction in 23 patients, 
measured with either contrast or radionuclide ventric- 
ulography, was 33.0 + 14.0%. Patients were excluded 
who exhibited contraindication to 8 blockade or evidence 
of decompensated cardiac failure. Two patients whose 
VT could not be induced at baseline (see later) were also 
excluded. Treatment in all patients except 1 was unsuc- 
cessful or >1 (mean 2.76 + 1.3) conventional antiar- 
rhythmic drugs could not be tolerated. Intravenous sota- 
lol was given to 2 patients with frequent and recurrent 
VT/VF who had not responded to intravenous lidocaine, 
procainamide and bretylium tosylate. However, these pa- 
tients did not undergo EP studies either before or after 
drug administration because of clinical exigencies. Sota- 
lol controlled these patients’ incessant VT/VF. 

Of the 35 patients who had undergone EP testing, 33 
had inducible VT/VF. A 1.5—mg/kg intravenous dose of 
sotalol prevented VT/VF reinduction in 15 patients 
(45.5%). Twenty-five of the 33 patients (15 had positive 
and 10 had negative results on EP testing) were given oral 
sotalol (dose range of 160 to 460 mg twice a day). 

The clinical outcome of patients with inducible vs 
noninducible VT/VF were evaluated after intravenous 
and subsequent oral sotalol therapy. Intravenous sotalol 
prevented inducible VT/VF in 15 patients. Oral sotalol 
controlled the arrhythmias in 13 of these patients 
(86.7%). Sotalol had no effect early (within the first 
month) in 1 patient and appeared to aggravate the condi- 
tion in another. During chronic therapy (longer than 1 
month), the arrhythmia recurred in 2 patients (at 8 and 
8.4 months); adverse effects precluded continued use of 
the drug in another 2 patients. Eight patients remained 
arrhythmia-free and had no adverse effects during a 
mean follow-up period of 14.5 + 7.5 months (range 2 to 
23). Sotalol was unable to suppress VT/VF in 18 pa- 
tients. Of these, 10 were given oral sotalol; the other 8 
were not treated with sotalol because they did not have 
significant ventricular premature complexes (VPCs) on 
baseline ambulatory electrocardiographic recordings. Six 
of the 10 who were given oral sotalol had recurrent VT/ 
VF and 1 had a limiting adverse effect, despite the induci- 
ble VT after intravenous sotalol. The remaining 3 pa- 
tients have been free of arrhythmias (mean follow-up 





FIGURE 1. Top, relation between the effects of in- 
travenous sotalol on the inducibility of ventricular 
tachycardia/ventricular fibrillation (VT/VF) and the 
degree of suppression by the oral drug of the spon- 
taneously occurring ventricular arrhythmias in the 
same patients. Group A patients: Administration of 
sotalol resulted in 85% suppression of total ventric- 
ular premature complexes (VPCs) and 90% sup- 
pression of paired VPCs and beats of VT. Group B: 
Sotalol did not have these effects. Note that the 
number of patients in whom sotalol prevented rein- 
duction of VT/VF was significantly higher in group 
A than in group B. Bottom, differences in the clinical 
outcome in patients relative to the degree of sup- 
pression of spontaneously occurring 

arrhythmias during Holter monitoring. The separa- 
tion of patients into groups A and B follows the 
same criteria as in (top). The difference between the 
2 groups is of borderline significance. The data pre- 
sented suggest that the prevention of inducible VT / 
VF by intravenous sotalol and the suppression of 
spontaneously occurring arrhythmias by oral sotalol 
are both predictive of long-term clinical outcome of 
prophylactic sotalol therapy in patients with ventric- 
ular tachyarrhythmias. (Reproduced with permis- 
sion of the American Heart Association.) 


PERCENT OF PATIENTS 
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period 8.6 months, range 8 to 9). The 6 patients treated 
with 160 mg of oral sotalol twice a day had mean plasma 


levels of 2.3 + 0.8 ug/ml. The 3 patients treated with 320 
mg of oral sotalol twice a day had mean plasma levels of 
3.1 + 0.4 ug/ml. 


HOLTER VERSUS ELECTROPHYSIOLOGIC 
TESTING TO PREDICT LONG-TERM 
OUTCOME OF SOTALOL THERAPY 

Our data from 21 patients who underwent 24-hour 
Holter recordings before and during steady-state oral 
sotalol therapy showed that sotalol reduced the total VPC 
count by 73% (p <0.01), paired VPCs by 89% (p <0.01), 
and VT beats by 95% (p <0.01).!° In 11 patients, sotalol 
reduced total VPCs by at least 85%, and paired VPCs and 
VT beats by at least 90% (group A). In the remaining 10 
patients, sotalol did not significantly suppress spontane- 
ously occurring arrhythmias (group B). Sotalol prevented 
reinduction of VT in 9 patients in group A but not in the 
other 2 patients. In contrast, VT remained inducible in 8 
patients in group B. The Fisher exact test showed signifi- 
cantly more patients with noninducible VT in group A 
than in group B (p <0.01). Moreover, only 2 patients in 
group A (18%) had recurrent VT/VF compared with 7 
patients in group B (70%). Two patients in group A and 1 
patient in group B had significant adverse effects, necessi- 
tating discontinuation of the drug. 

In our study,'° intravenous sotalol prevented the rein- 
duction of VT/VF in 45.5% of patients. This figure is 
generally higher than that reported for class I com- 
pounds.'° Data are scant on this effect for other class III 
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agents; however, data show that amiodarone prevents 
reinduction of VT/VF after chronic therapy in 8 to 50% 
of cases.'® Senges et al? recently demonstrated that intra- 
venous sotalol prevented VT/VF reinduction in 12 of 18 
patients (67%). This is a higher success rate than in our 
own series, in which 15 of 33 patients became noninduci- 
ble after receiving sotalol intravenously. In Senges’ study, 
9 of 12 patients subsequently treated with oral sotalol 
remained in complete or partial control over a mean 
follow-up period of 16 months. This is in accord with our 
data on chronic oral therapy, which indicated the clinical 
usefulness of EP testing in predicting the long-term effec- 
tiveness of oral sotalol in controlling VT/VF. 

Our data also demonstrate that orally administered 
sotalol is moderately effective in suppressing VPCs, par- 
ticularly the complex and repetitive forms. In over 50% of 
the study patients, sotalol suppressed at least 85% of total 
VPC counts and abolished almost all complex beats, i.e., 
paired VPCs and VT beats (Fig. 1). 


SOTALOL VERSUS OTHER 
ANTIARRHYTHMIC AGENTS IN 
VENTRICULAR TACHYCARDIA 
INDUCTION USING DOUBLE STIMULI: 
A RETROSPECTIVE ANALYSIS 

Patient population: The study examined 138 patients 
with clinically sustained VT or VF, or both. Most (117) 
had coronary artery disease. VT was inducible in all 
patients (102, sustained VT; 36, nonsustained VT). Pa- 
tients whose VT could be induced only by triple stimuli 
(S;S2S3S4) were excluded. 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


















TABLE II Comparison of Sotalol with Other Antiarrhythmic 
Agents on the Suppression of Ventricular Tachycardia 


Test Drug No. of Patients % Effective 
By Class (Not Inducible) Test 








Class IA 





Quinidine 16 (1) 6 

Procainamide 31 (6) 19 
Class IB 

Lidocaine 17 (4) 23 

Mexilitene 11 (2) 18 
Class IC 

Flecainide 8 (1) 12 

Encainide 7 (1) 14 

Recainam 6 (1) 17 

Propafenone 6 (0) 0 
Class Ill 

Sotalol 33 (15) 45 

Amiodarone 54 (21) 39 


Electrophysiologic study: The stimulation protocol 
was described previously.'° EP studies were performed 
after the patients had discontinued taking antiarrhythmic 
agents for 5 half-lives in the control group, and during the 
steady-state drug concentration of antiarrhythmic treat- 
ment. 

Antiarrhythmic agents: Table II lists drug tests for 
the 138 patients and the number of patient testings for 
each drug. The number of patient testings is larger than 
138 because some patients had undergone more than | 
drug test. For quinidine, all 16 patients were given 10 
mg/kg intravenously. For procainamide, 31 patients 
were tested with intravenous administration at a loading 
dose of 15 mg/kg followed by a 3-mg/min maintenance 
infusion. 





|_| Mean VPCs/hr 





TIME (hrs) 
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Results: Table II summarizes the results of drug test- 
ing for the suppression of inducible VT by programmed 
electrical stimulation. Sotalol prevented VT induction in 
45% of patients. This was the highest success rate of all of 
the antiarrhythmic agents. The second most effective 
agent, amiodarone, prevented VT induction in 39% of 
patients, but this was not significantly different from that 
produced by sotalol. Class IC agents had the lowest effi- 
cacy. 


SOTALOL VERSUS PROCAINAMIDE: 
A PROSPECTIVE MULTICENTER STUDY 

A double-blind, randomized, multicenter study com- 
paring the effects of sotalol and procainamide in both 
intravenous and oral forms was recently completed. Pre- 
liminary data, previously presented in abstract form,'’ 
are briefly discussed here; the definitive report will be 
published elsewhere by the Multi-Center Sotalol Re- 
search Group. Patients with recurrent VT/VF under- 
went EP studies with programmed electrical stimulation. 
Patients with inducible VT/VF were randomized to re- 
ceive either procainamide (n = 49) or sotalol (n = 54) ina 
blinded fashion using a third-party blinder. 

The EP protocol required using at most triple stimuli, 
| site, and at least 3 cycle-length ventricular pacing rates 
to determine VT inducibility. Intravenously administered 
procainamide (plasma level 7.8 + 2.3 ug/ml) prevented 
reinduction of VT/VF in 11 patients (22%), as did sotalol 
(plasma level of 2.14 + 0.40 ug/ml) in 18 patients (33%); 
the difference was not statistically significant. If data 
analysis was based strictly on the criteria of inducible VT 
only by double stimuli (S1S2S3) and excluding all patients 
whose VT was induced only by triple stimuli, intravenous 


FIGURE 2. Effects of intravenous 
sotalol in a patient with recurrent 
ventricular tachycardia/ventricular 
fibrillation (VT/VF) resistant to lido- 
caine, procainamide and bretylium. 
Top, characteristic patterns of in- 
cessant VT uncontrolled by conven- 
tional therapy. Bottom, changes in 
the total ventricular premature 
complex (VPC) count and number 
of VT episodes before and after the 
intravenous injection of sotalol. 
Note that after sotalol was given, 
there were no further recurrences 
of VT/VF. (Adapted with permis- 
sion from the American Heart As- 
sociation.) 
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*No VPCs & VT 





procainamide prevented VT induction in 34% and sotalol 
in 53% (p = 0.21). These data are similar to those in our 
series subjected to retrospective analysis. In fact, sotalol 
had a higher percentage of success by double-stimuli 
criteria. 


DISCUSSION 

Further evaluation of sotalol is needed to obtain a 
better understanding of its role in the treatment of malig- 
nant ventricular arrhythmias. Clearly, the EP effects of 
intravenous sotalol differ significantly from those of con- 
ventional 6 blockers. Sotalol markedly increases the ef- 
fective refractory period in the atria, ventricles and His- 
Purkinje system. Unlike conventional 8 blockers, sotalol 
can prevent inducibility of VT/VF produced by pro- 
grammed electrical stimulation. In fact, when double ex- 
trastimuli were used to gauge effect, sotalol was compa- 
rable to other antiarrhythmic agents (range 45 to 67%) 
(Table I). Our data also show that programmed electrical 
stimulation had high predictive accuracy for favorable 
clinical outcome during long-term oral sotalol therapy. 

The data also suggest that class III agents, i.e., sotalol 
and amiodarone, may be more effective than other classes 
of antiarrhythmic agents in preventing VT/VF induc- 
tion. However, amiodarone’s effect on the inducibility of 
VT/VF and the subsequent clinical outcome remains 
controversial. The data on sotalol—although more limit- 
ed—are more consistent; sotalol provides a greater degree 
of protection than class I antiarrhythmic compounds. 
Nevertheless, we suggest caution in interpreting these 
data in the absence of large prospective, controlled clini- 
cal trials. 

Although these data did not show statistically that 
sotalol is better than procainamide, there is a trend sug- 
gesting that if the patient sample size were larger, the 
difference could be statistically significant. However, the 
data do confirm previous clinical observations and animal 
studies that the class III effects of sotalol are beneficial 
for treating life-threatening ventricular tachyarrhyth- 
mias. 

The associated antisympathetic and antifibrillatory 
properties of sotalol should be emphasized. Because of its 
inherent -blocking effects, sotalol is probably a more 
useful agent than class I antiarrhythmic drugs for any 
ischemia-related arrhythmia. In addition, because it is 
known that increased sympathetic activity during myo- 
cardial ischemia enhances VT/VF,'8 sotalol, because of 
its -blocking properties, should be an excellent choice for 
treating both catecholamine-induced and ischemia-asso- 
ciated arrhythmias. The drug is particularly effective in 
controlling persistent VF. Figure 2 illustrates the effects 
of intravenous sotalol in a patient with incessant ventricu- 
lar flutter and fibrillation that had proved to be resistant 
to lidocaine, procainamide and bretylium. This patient 
had several episodes of VF, necessitating multiple cardio- 
versions. Sotalol infusion abolished all VT /VF episodes. 
This suggests that the drug not only suppressed spontane- 
ously occurring malignant ventricular arrhythmias, but 
also increased the VF threshold in this patient. The same 
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results were found in 2 other patients with incessant VT / 
VF. 

This observation is supported by other findings. Lynch 
et al'? observed that sotalol significantly reduced the inci- 
dence of VF in their conscious-dog ischemic model of 
sudden coronary death. Marshall et al? found that sota- 
lol, when given intravenously, significantly increased the 
VF threshold in both normal and ischemic myocardium 
in the anesthetized rat. Metoprolol, a cardioselective 8 
blocker that does not lengthen cardiac repolarization, had 
no effect on VF threshold in the normal myocardium and 
prevented a decrease in VF threshold only after coronary 
occlusion.”° These findings, along with those of Patterson 
and Lucchesi”! underscore the overall antifibrillatory 
and antiarrhythmic actions of sotalol. 
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Safety and Efficacy of Sotalol in Patients 
with Drug-Refractory Sustained 
Ventricular Tachyarrhythmias 


Richard F. Kehoe, MD, Terry A. Zheutlin, MD, Cathy S. Dunnington, RN, MS, 
Thomas A. Mattioni, MD, George Yu, PhD, and Robert B. Spangenberg, MD, PhD 





The safety and efficacy of oral sotalol, an investiga- 
tional §-adrenergic blocker with class Ill antiar- 
rhythmic drug properties, were examined in a mul- 
ticenter study in 236 patients with sustained ven- 
tricular tachyarrhythmias. In 104 patients, the 
index arrhythmia was a cardiac arrest, and all pa- 
tients had undergone at least 3 previous unsuccess- 
ful antiarrhythmic trials (mean = 5 per patient). In 
the 106 patients assessed by programmed electri- 
cal stimulation, sotalol completely suppressed in- 
duction of ventricular tachycardia (VT) in 33 (31%) 
and rendered VT slower (>100 ms prolongation of 
cycle length) or more difficult to induce in 29 
(27%). Using continuous 24-hour ambulatory mon- 
itoring methods, sotalol complete- and partial-re- 
sponse rates were 51 and 12%, respectively. 

Of the 236 acute-phase patients, 151 were dis- 
charged receiving long-term sotalol therapy. The 
median sotalol dose was 480 mg/day. At a mean 
follow-up of 346 + 92 days, 27 patients (18%) had 
recurrence of sustained arrhythmia; 9, sudden 
death; 11, sustained VT; 5, automatic defibrillator 
discharge; and 2, syncope. Adverse effects forced 
discontinuation of therapy in 10 patients (7%): 6 
secondary to symptomatic bradyarrhythmia, 2 due 
to refractory heart failure, 1 due to torsades de 
pointes, and 1 from bronchospasm. Life-table anal- 
ysis of sotalol’s overall long-term efficacy at 6, 12 
and 18 months were 80, 76 and 72%, respectively. 
Although mean follow-up was short (<1 year), nei- 
ther acute-phase programmed stimulation nor 24- 
hour ambulatory monitoring responses were signif- 
icantly predictive of subsequent arrhythmic out- 
come. 


From the Clinical Cardiac Electrophysiologic Laboratory, Section of 
Cardiology, Department of Medicine, Northwestern University School 
of Medicine and the Sotalol Ventricular Tachycardia Study Investiga- 
tors (see Appendix); and the Departments of Biostatistics/Data Man- 
agement and Cardiovascular Clinical Research, Bristol-Myers Compa- 
ny, Pharmaceutical Research and Development Division, Wallingford, 
Connecticut. This study was supported in part by a grant from Bristol- 
Myers Company, Pharmaceutical Research and Development Division, 
Wallingford, Connecticut. 

Address for reprints: Richard F. Kehoe, MD, Illinois Masonic 
Medical Center, 836 Wellington Avenue, Chicago, Illinois 60657. 
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Proarrhythmia was documented in 18 patients 
(7%), 17 during the acute phase and 1 during long- 
term follow-up. Proarrhythmia was manifested as 
torsades de pointes in 11 patients and as an in- 
crease in sustained VT episodes in 7. Of the 18 
proarrhythmic complications, 14 (78%) occurred 
within 7 days of therapy. Symptomatic bradycardia 
occurred in 8 patients (3%) (7 during the acute 
phase, 1 long-term) and aggravation of heart fail- 
ure in 7 (3%) (6 acute phase, 1 long-term). 

Thus, sotalol appears to be an effective agent 
for suppressing refractory, sustained ventricular 
tachyarrhythmias and is well tolerated during long- 
term therapy. Proarrhythmia was observed in 7% 
of patients and tended to occur during the acute ti- 
tration phase. Accordingly, it is recommended that 
patients with sustained ventricular tachyarrhyth- 
mias treated with sotalol be observed under contin- 
uous electrocardiographic monitoring until acute- 
phase dose titration has been completed. 

(Am J Cardiol 1990;65:58A-64A) 


agent that also exerts potent class III antiarrhyth- 

mic effects.'* These properties suggest that it 
would be useful for managing patients with life-threaten- 
ing ventricular tachyarrhythmias. Previous clinical stud- 
ies, which have been generally limited to relatively small 
numbers of patients, have shown that sotalol administra- 
tion produces a reduction in the frequency of ventricular 
premature beats,* suppresses ventricular tachycardia 
(VT) induction in response to programmed electrical 
stimulation (PES),’~? and prevents arrhythmic recur- 
rence in patients presenting with sustained VT or ventric- 
ular fibrillation (VF).°-!* Because of these promising pre- 
liminary findings, a multicenter open-label trial was un- 
dertaken to determine the safety and efficacy of oral 
sotalol in patients with drug-refractory sustained ventric- 
ular tachyarrhythmias. The results of this study are re- 
ported here. 

In addition to the safety and efficacy considerations 
just mentioned, a secondary purpose of this study was to 
determine which arrhythmia assessment technique, PES 
or ambulatory monitoring, provided the more accurate 
prognostic information concerning arrhythmia recur- 
rence. 


S otalol is a noncardioselective 6-adrenergic blocking 





METHODS 

Between January 1984 and September 1987, 236 pa- 
tients at 28 centers throughout the United States and 
Canada (see Appendix) received oral sotalol for ventricu- 
lar tachyarrhythmias. All fulfilled the following inclusion 
criteria: (1) documented, symptomatic, sustained VT or 
VF; (2) inefficacy or intolerance or both, to at least 3 
previously administered antiarrhythmic drugs; and (3) 
the index arrhythmia unrelated to acute infarction, 
electrolyte disturbances, apparent drug-mediated proar- 
rhythmia or other reversible factors. Exclusion criteria 
included the following: (1) left ventricular ejection frac- 
tion <25%; (2) congestive heart failure unresponsive to 
conventional therapy; (3) asthma or chronic obstructive 
lung disease requiring a bronchodilator; (4) a prior ad- 
verse reaction to 6-adrenergic blockers; (5) a resting bra- 
dycardia of <50 beats/min; (6) a resting QTc interval 
>450 ms; and (7) need for concomitant therapy with 
agents that lengthen the QT interval (e.g., tricyclic anti- 
depressants or amiodarone). The clinical characteristics 
of the study population and the prior antiarrhythmic 
therapy used are summarized in Tables I and II, respec- 
tively. 

Study design: All antiarrhythmic drugs, with the ex- 
ception of amiodarone, were discontinued for a minimum 
of 5 elimination half-lives before instituting sotalol thera- 
py. Amiodarone had to be discontinued for 30 days or 
until the serum concentration was less than 0.3 ug/ml 
before initiating sotalol therapy. Therapy with digoxin 
was continued when used for the treatment of congestive 
heart failure. After qualifying for enrollment in this 
study, all patients underwent continuous 24-hour ambu- 
latory monitoring and, at the discretion of the investiga- 
tor, a PES (106 patients) in the drug-free baseline state. 
Thereafter, the investigator was required to select the 
arrhythmia assessment that would be used to make a 
determination of acute-phase efficacy. The methods 
available included PES, 24-hour ambulatory monitoring 
and the suppression of arrhythmic symptoms. For PES to 
qualify as an acceptable technique, it was required that 
the patient exhibit the reproducible (X 2) induction of 
sustained VT during drug-free PES. To qualify for as- 
sessment by 24-hour ambulatory monitoring, the patient 
was required to have an average of 720 isolated ventricu- 
lar premature complexes per 24 hours and at least 1 
spontaneous VT run with a rate of at least 120 beats/min. 
In patients who fulfilled neither the PES nor the 24-hour 
ambulatory monitoring criteria, the suppression of ar- 
rhythmic symptoms could be used to determine efficacy 
when VT episodes caused syncope or near-syncope at a 
frequency of at least 1 episode per week during the month 
before the initiation of therapy. Patients who could not 
be assessed by any of the 3 methods described were desig- 
nated as nonassessable and were referred for empiric 
therapy. 

Sotalol was administered orally, initially at a dose of 
80 to 160 mg every 12 hours. Thereafter, upward dose 
adjustments at intervals of 72 hours could be undertaken 
in a stepwise fashion to levels of 240 mg every 12 hours, 
320 mg every 12 hours, and finally 480 mg every 12 
hours, based on therapeutic response and the emergence 
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TABLE I Characteristics of the Study Population 
Clinical Features 


No. of patients 236 
Male /female 194/42 
Age (years) 59+12 
Heart disease type (%) 

ASHD 

Prior infarct 

Cardiomyopathy 

Congenital 

Prior CHF 
LVEF* (%) 

240% 

30-40% 

20-30% 

Arrhythmic features (%) 
Emergency DC cardioversion 
Cardiac arrest 
Syncope 


184 (77) 
168 (71) 
40 (18) 
12 (5) 
89 (38) 


82 (43) 
62 (30) 
46 (27) 


186 (79) 
104 (44) 
128 (54) 
* Based on 190 patients. 


ASHD = atherosclerotic heart disease; CHF = congestive heart failure; DC = direct- 
current; LVEF = left ventricular ejection fraction; MI = myocardial infarction. 


TABLE lI Summary of Previous Antiarrhythmic Drug 
Therapy 
No. of patients 236 (%) 

Previous drugs 
Procainamide 
Quinidine 
Disopyramide 
Mexiletine 
Flecainide 
Encainide 
Propafenone 
Amiodarone 
B blockers 


211 (89) 
174 (74) 
68 (29) 
87 (37) 
70 (30) 
9 (4) 
51 (22) 
70 (30) 
97 (41) 


Median AA drug failures = 5 + 1.2 per patient 


AA = antiarrhythmic. 


of adverse effects. On completion of dose titration, an 
efficacy was determined and sotalol was either discontin- 
ued or the patient was discharged receiving chronic thera- 
py and enrolled in the long-term outpatient phase. Pa- 
tients could be discharged with chronic sotalol therapy in 
the absence of a partial or a complete response if the 
investigator had determined that no other therapeutic 
options were feasible. Conversely, in selected patients 
who exhibited a complete or partial response during the 
acute phase of therapy, sotalol could be discontinued in 
favor of other therapeutic alternatives if they appeared to 
be more suitable for long-term management. After hospi- 
tal discharge, patients were followed at bimonthly inter- 
vals. 

Sotalol therapy was deemed ineffective in the long- 
term outpatient phase and patients were withdrawn from 
the study if they had symptomatic sustained VT, unex- 
plained syncope, died suddenly (death within 1 hour of 
the onset of symptoms), experienced discharge of an 
automatic cardioverter /defibrillator, or had adverse ef- 
fects serious enough to preclude continuation of sotalol 
therapy. 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


TABLE Ill Acute-Phase Response to Sotalol as a Function of 
Arrhythmic Assessment Method 


No. of 
Pts. Complete (%) 


Partial (%) None (%) 


PES 106 
24-hour AM 43 
Symptoms 45 19 (42) 
Total* 194 74 (38) 


* 42 patients were not assessable by any method. 
AM = ambulatory monitoring; PES = programmed electrical stimulation. 


33 (31) 
22 (51) 


29 (27) 
5 (12) 
6 (13) 

40 (21) 


44 (42) 
16 (37) 
20 (45) 
80 (41) 


TABLE IV Long-Term Efficacy, Arrhythmia Recurrence and 
Adverse Effects in Patients Discharged on Sotalol 


No. of patients 151 

Mean follow-up (days) 346 + 92 
Median dose (mg/day) 480 

37 (25%) 
27 (18%) 


Discontinued from study 
Arrhythmic recurrence 
SCD 
Sustained VT 
AICD discharge 
Syncope 


Adverse effects 10 (7%) 


AICD = automatic implantable cardioverter /defibrillator; SCD = sudden cardiac 
death; VT = ventricular tachycardia. 


Programmed electrical stimulation techniques: PES 
was undertaken in the drug-free baseline state. The stan- 
dard stimulation protocol consisted of single, double and 
triple ventricular extrastimuli delivered to the limits of 
ventricular refractoriness coupled to driven ventricular 
cycle lengths of 600, 500 and 400 ms. Stimulation was 
performed at a current twice the diastolic threshold for 
capture at a pulse width of 2 ms. All stimulation was 
initially performed at the right ventricular apex. A second 
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right ventricular stimulation site and burst pacing could 
be used at the discretion of the investigator if the standard 
stimulation protocol failed to initiate sustained VT. 

Sustained VT was defined as an induced VT with a 
rate >120 beats/min that lasted for a minimum of 30 
seconds or one that required urgent termination in less 
than 30 seconds because of hemodynamic compromise. 
The induction of polymorphic VT was accepted as quali- 
fying for inducible VT only in patients whose index ar- 
rhythmia was VF. 

Criteria for acute-phase efficacy: For patients under- 
going PES-directed therapy, the following criteria were 
used to classify the sotalol response: complete response = 
suppression of all inducible VT (<10 repetitive ventricu- 
lar responses); partial response = rendering induced VT 
nonsustained, more difficult to induce (faster drive-cycle 
length or more extrastimuli) or if VT cycle length was 
prolonged by >100 ms; and no response = no change in 
the pacing stress required to initiate VT or <100 ms 
prolongation of VT cycle length. 

The efficacy criteria used for patients undergoing 24- 
hour ambulatory monitoring—-directed therapy included 
the following: complete response = 275% reduction in 
isolated ventricular premature beat frequency and 260% 
reduction of total VT beats; and partial response = 50 to 
75% reduction in isolated ventricular premature beat fre- 
quency and a 40 to 60% reduction of total VT beats. 

The efficacy criteria for patients assessed by symp- 
toms included the following: complete response = total 
suppression of arrhythmic symptoms during a 1-week 
acute-phase assessment; and partial response = >50% 
reduction in arrhythmic symptom frequency during the 
1-week acute-phase assessment. 

Statistical methods: All group data are presented as 
mean + standard deviation. Outcome analysis was per- 
formed using the nonparametric life-table method and 
outcomes were compared using the log-rank test. A p 
value <0.05 was considered statistically significant. Sota- 


FIGURE 1. Overall long-term phase 
efficacy of oral sotalol in 151 pa- 
tients with sustained ventricular 
tachycardia or ventricular fibrilla- 
tion. Efficacy was defined as sup- 
pression of arrhythmic recurrence 
and absence of serious adverse ef- 
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FIGURE 2. Overall long-term phase 
efficacy of sotalol as a function of 
acute-phase responses in 151 pa- 
tients with ventricular tachycardia/ 
ventricular fibrillation. There were 
no significant differences (NS) in ef- 
ficacy rates for the 4 groups depict- 
ed, although efficacy rates tended 
to be lower in the nonresponders 
and nonassessable subgroups. 


Overall Efficacy (%) 


@ = Complete Responders (n=63) 
O = Partial Responders (n=21) 

A = Non-responders (n=46) 

@ = Not Assessable (n= 21) 


p=NS 


lol was considered effective during the long-term phase if 
therapy prevented arrhythmic recurrence and was well 
tolerated. 


RESULTS 

Acute-phase responses: Of the 236 patients entering 
the acute phase, 106 were evaluated by PES, 43 by 24- 
hour ambulatory monitoring, 45 by symptoms and 42 
failed to qualify for assessment by either of these meth- 
ods. The efficacy of acute-phase sotalol administration is 
summarized as a function of method of assessment in 
Table III. Of the 106 patients assessed by PES, 33 (31%) 
had complete suppression of inducible VT after sotalol 
administration and 29 (27%) exhibited a partial response. 
In 44 patients (42%), sotalol did not significantly alter 
PES responses. Of the 43 patients assessed by 24-hour 
ambulatory monitoring, 22 (52%) had a complete re- 
sponse, 5 (12%) a partial response and 16 (37%) no re- 
sponse to sotalol administration. In the 45 patients for 
whom symptoms were used to assess sotalol response, 19 
(42%) were classified as complete responders, 6 (13%) as 
partial responders and 20 (45%) as nonresponders. Over- 
all, 74 patients (38%) were classified as complete and 40 
(21%) as partial responders to acute-phase sotalol thera- 
py, whereas 80 patients (41%) were classified as total 
nonresponders. 

Acute-phase adverse effects: Thirty of the 236 
acute-phase patients (13%) experienced adverse cardiac 
effects. Seventeen patients (7%) experienced proarrhyth- 
mia that was manifested as torsades de pointes in 10 
patients and 7 other events such as presyncope and long- 
er, more frequent runs, etc. Symptomatic bradycardia 
occurred in 7 patients (3%), whereas 6 patients (3%) had 
an exacerbation of congestive failure. Proarrhythmia 
typically occurred early after the initiation of sotalol ther- 
apy, 14 of the 17 patients exhibiting this adverse effect on 
or before day 7 of treatment. Noncardiac adverse effects 
were not encountered during the acute phase, and none of 
the adverse effects was fatal. 
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Long-term Study in Months 


Long-term phase responses: One hundred fifty-one 
of the 236 acute-phase patients (64%) were ultimately 
discharged receiving long-term sotalol therapy at a medi- 
an dose of 480 mg/day. Of the 151 long-term patients, 63 
were Classified as acute-phase complete responders, 21 as 
partial responders and 46 as nonresponders; the remain- 
ing 21 patients were nonassessable. At a mean follow-up 
of 346 + 92 days, 37 patients (25%) were withdrawn 
from the study: 27 (18%) because of arrhythmia recur- 
rence and 10 (7%) because of adverse effects (Table IV). 
With use of the life-table method, the overall long-term 
efficacy rates for sotalol therapy at the 6-, 12- and 18- 
month follow-up points were 80, 76 and 72%, respectively 
(Fig. 1). The overall long-term efficacy rates did not 
differ significantly when expressed as a function of acute- 
phase response (Fig. 2), although efficacy rates tended to 
be lower in the nonresponder and nonassessable patient 
groups (Table V). 

Long-term phase mortality: There were 10 deaths 
during the long-term follow-up phase, 9 of which were 
sudden and presumably arrhythmic in mechanism, yield- 
ing a sudden death incidence of 6%. The remaining death 
was secondary to progressive cardiac-pump failure. 

Arrhythmic recurrence as a function of acute-phase 
programmed electrical stimulation response: Of the 151 
long-term patients, baseline and predischarge PES re- 
sponses were determined in 68 patients. Thirty-one pa- 


TABLE V Long-Term Efficacy of Sotalol as a Percent 
Function of Acute-Phase Responses 


No.of 6 12 18 
Pts. Months Months Months 


Complete responders 63 81 
Partial responder 21 81 
Nonresponder 46 83 
Not assessable 21 71 
Total 151 107 (80) 64(76) 27 (72) 


NS = not significant. 
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@ = PES Responders (n=31) 

O = PES Partial Responders (n=15) 

A = PES Non-responders (n=22) 
p=NS 
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FIGURE 3. Time to arrhythmic re- 
currence during long-term sotalol 
therapy as a function of acute 
phase programmed electrical stimu- 
lation (PES) responses in patients 
with ventricular tachycardia/ven- 
tricular fibrillation. Recurrence 
rates were similar for the 3 groups. 
NS = not significant. 


Long-term Study in Months 


tients were classified as complete responders, 15 as partial 
responders and 22 as nonresponders. Nine of these 68 
patients (13%) had recurrence of arrhythmia during fol- 
low-up. Life-table estimates revealed no significant dif- 
ferences in time to arrhythmic recurrence for the PES 
complete, partial and nonresponse groups (Fig. 3). 

A similar lack of relation between acute-phase re- 
sponse and subsequent arrhythmic recurrence was ob- 
served for patients evaluated by either 24-hour ambulato- 
ry monitoring or suppression of symptoms methods. 

Long-term adverse effects: During the long-term 
phase, adverse effects serious enough to force discontinu- 
ation of sotalol occurred in 10 of the 151 patients (7%). 
Six patients experienced symptomatic bradycardia, 2 had 
worsening of congestive heart failure, 1 an exacerbation 
of obstructive lung disease, and the remaining patient had 
multiple syncopal episodes secondary to torsades de 
pointes 3 months after discharge. 


DISCUSSION 

The objectives of this study were to define the safety 
and efficacy of oral sotalol in a drug refractory population 
of patients with sustained VT or VF and, if possible, to 
determine which arrhythmia assessment technique pro- 
vided the most useful prognostic information. 

Of the 236 patients with sustained VT/VF enrolled in 
acute-phase therapy, complete response rates ranged 
from 31 to 51%, depending on the method used to deter- 
mine efficacy. An additional 12 to 27% of patients exhib- 
ited a partial response to sotalol. When PES was used to 
determine response, 33 of 106 patients (31%) had com- 
plete suppression of inducible VT and another 29 (27%) 
exhibited a strong directional response. When 24-hour 
ambulatory monitoring served as the arrhythmia assess- 
ment technique, the complete and partial response rates 
were 51 and 12%, respectively. Thus, with application of 
the 2 most frequently used arrhythmia assessment tech- 
niques, sotalol therapy resulted in excellent acute-phase 
response rates. The finding that 31% of the patients as- 
sessed by PES had complete suppression of inducible VT 
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compares quite favorably with the 15 and 12% respective 
complete-response rates recently reported for encainide 
and flecainide in similar patient populations.'*-'4 This 
high noninducibility rate in response to sotalol therapy 
has been observed by several additional investigators who 
have reported complete or partial response rates to sotalol 
ranging from 40 to 65%.78:!0.!! 

During long-term follow-up, sotalol therapy was asso- 
ciated with excellent suppression of recurrent VT/VF in 
that only 27 patients (18%) sustained arrhythmia recur- 
rence at a mean follow-up of 1 year. After discharge, 
arrhythmic mortality in this high-risk patient population 
was only 6%. This low incidence of subsequent sudden 
death is noteworthy since the index arrhythmia was 
aborted sudden death in 104 of the 236 patients (44%) 
enrolled in this study. 

Predictors of long-term outcome: In this study, it did 
not appear that acute-phase responses were helpful in 
identifying patients likely to sustain arrhythmic recur- 
rence during follow-up. For example, similar recurrence 
rates were observed for patients who exhibited complete 
suppression of inducible VT compared with those in 
whom inducible VT persisted (Fig. 3). A similar lack of 
predictive utility was noted for patients assessed by the 
24-hour ambulatory monitoring method. The inability of 
acute-phase responses to either PES or 24-hour ambula- 
tory monitoring to predict subsequent outcome may be 
related in part to the relatively short duration of follow- 
up, approximately 1 year at the initial reporting of this 
study. This explanation is supported by the trend for the 
non-response and empiric therapy groups to have higher 
recurrence rates, although statistically insignificant when 
compared with the complete response groups. In addition, 
the total number of arrhythmic recurrences in the 68 
patients assessed by PES was only 9, and thus the lack of 
a significant difference in outcome may reflect a type II 
statistical error. 

Several other investigators have examined the role of 
PES responses as predictors of arrhythmia recurrence, 
and most have found that either a partial or complete 





PES response to sotalol was strongly predictive of free- 
dom from arrhythmic recurrence.®:!°.!! In addition, these 
same investigators found that failure of sotalol therapy to 
suppress inducible VT was associated with recurrence 
rates as high as 37%. Although these studies were limited 
to relatively small numbers, they do suggest that patients 
in whom sotalol therapy has failed to produce at least a 
partial response should be considered at enhanced ar- 
rhythmic risk and alternative forms of therapy should be 
pursued. It is hoped that the role of acute-phase PES and 
24-hour ambulatory monitoring responses in predicting 
arrhythmia recurrence will be clarified as enrollment and 
the length of follow-up increase. Also, data reported here 
represent an uncontrolled experience at multiple centers; 
its limitation for formulating valid conclusions regarding 
the predictive accuracy of PES or ambulatory monitoring 
for long-term clinical outcome should be recognized. 

Overall efficacy: In addition to its ability to suppress 
the recurrence of symptomatic arrhythmia, another im- 
portant feature of an antiarrhythmic agent is how well it 
is tolerated during long-term follow-up. Only 10 of the 
151 patients (7%) discharged with sotalol experienced 
adverse effects serious enough to force discontinuation of 
therapy. The most common adverse effect encountered 
was symptomatic bradycardia, which occurred in 6 pa- 
tients. Interestingly, proarrhythmia (1 patient) and exac- 
erbation of congestive heart failure (1 patient) were un- 
common events in the long-term phase. The overall effi- 
cacy rates for sotalol therapy in this refractory patient 
population were 80, 76 and 72% at 6, 12 and 18 months of 
follow-up, respectively. These overall efficacy rates com- 
pare quite favorably with those reported for both amioda- 
rone and the class I antiarrhythmic drugs.!5-!7 

Adverse cardiac effects: Proarrhythmic complica- 
tions documented in 18 of the 236 patients (7%) enrolled 
in this study were manifested as torsades de pointes in 11 
patients and as an increased frequency of sustained VT 
episodes in 7. This 7% incidence of serious proarrhythmia 
is similar to the proarrhythmia rates reported for other 
drugs that have been systematically examined in similar 
high-risk, drug-refractory patient populations.!3:!4'8 All 
but 1 of these proarrhythmic complications occurred in 
the acute dose-titration phase, and in 14 patients it was 
manifested within the first 7 days of therapy. Despite 
sotalol’s 6-adrenergic blocking characteristics, the devel- 
opment of symptomatic bradycardia in 8 of the 236 study 
patients (3%) (7 acute, 1 long-term) and congestive fail- 
ure in 7 patients (3%) (6 acute, 1 long-term) were rela- 
tively uncommon events. The low incidence of congestive 
failure is noteworthy, since over one-third of the study 
population had experienced = 1 previous episodes of heart 
failure and 57% had left ventricular ejection fractions of 
<40%. 


CONCLUSION 

This study demonstrates that oral sotalol can provide 
effective long-term suppression of sustained episodes of 
VT/VF in patients who have previously experienced drug 
refractory sustained ventricular tachyarrhythmias. Pro- 
arrhythmia was essentially due to the development of 
torsades de pointes. In most instances, proarrhythmia 
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occurred during the acute dose-titration phase, within 7 
days of the initiation of sotalol therapy. Overall, long- 
term efficacy rates at 12 and 18 months were 76 and 72%, 
respectively. Long-term tolerance was excellent and 
withdrawal of therapy for congestive failure or bradyar- 
rhythmia was uncommon. These findings suggest that 
sotalol will be an important class III 6-blocking drug for 
the therapy of patients with resistant sustained VT or VF. 
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retarial support was invaluable in the preparation of this 
manuscript. 


REFERENCES 


1. Lish PM, Weikel JH, Dungan KW. Pharmacological and toxicological proper- 
ties of two new beta-adrenergic receptor antagonists. J Pharmacol Exp Ther 
1965;149:161-166. 

2. Singh BN, Vaughan Williams EM. A third class of anti-arrhythmic action: 
effects on atrial and ventricular intracellular potentials, and other pharmacologic 
actions on cardiac muscle, of MJ 1999 and AH 3474. Br J Pharmacol 
1970;39:67 5-682. 

3. Myburgh DP, Goldman AP, Cartoon J, Schamroth JM. The efficacy of sotalol 
in suppressing ventricular ectopic beats. Afr Med J 1979;56:295-300. 

4. Singh SN, Cohen A, Chen Y, Wish M, Thoben-O’Grady L, Peralba J, 
Gottdiener J, Fletcher RD. Sotalol for refractory sustained ventricular tachycar- 
dia and nonfatal cardiac arrest. Am J Cardiol 1988;62:399-402. 

5. Deedwania PC. Suppressant effects of conventional beta-blockers and sotalol 
on complex and repetitive ventricular premature complexes. Am J Cardiol 
1990:65:43A-SOA. 

6. Anderson JL. Effectiveness of sotalol for therapy of complex ventricular ar- 
rhythmias and comparisons with placebo and class I antiarrhythmic drugs. Am J 
Cardiol 1990;65:37 A-424A. 

7. Nademanee K, Feld G, Hendrickson J, Singh PN, Singh BN. Electrophysio- 
logic and anti-arrhythmic effects of sotalol in patients with life-threatening ven- 
tricular tachyarrhythmias. Circulation 1985;72:555-564. 

8. Ruder MA, Ellis T, Lebsack C, Mead RH, Smith NA, Winkle RA. Clinical 
experience with sotalol in patients with drug-refractory ventricular arrhythmia. 
JACC 1989;13:145-152. 

9. Senges J, Lengfelder W, Jauernig R, Czysan E, Brachmann J, Rizos I, Cobbe 
S, Kubler W. Electrophysiologic testing of therapy with sotalol for sustained 
ventricular tachycardia. Circulation 1984;69:577—583. 

10. Gonzalez R, Scheinman MM, Herre JM, Griffin JC, Sauve MJ, Sharkey H. 
Usefulness of sotalol for drug-refractory malignant ventricular arrhythmias. 
JACC 1988;12:1568-1572. 

11. Zheutlin T, Mattioni T, Chokshi S, Nazari J, Dunnington C, Parker M, 
Nebergall N, Kehoe R. Sotalol for sustained ventricular tachyarrhythmias: pre- 
dictors of arrhythmic outcome (abstr). JACC 1988;suppl 1:55A. 

12. Nademanee K, Singh BN. Effects of sotalol on ventricular tachycardia and 
fibrillation produced by programmed electrical stimulation: comparison with oth- 
er antiarrhythmic agents. Am J Cardiol 1990;65:53A-57 A. 

13. The Encainide-Ventricular Tachycardia Study Group. Treatment of life- 
threatening ventricular tachycardia with encainide hydrochloride in patients with 
left ventricular dysfunction. Am J Cardiol 1988,;62:571-575. 

14. Platia EV, Estes NAM, Heine DL, Griffith LSC, Garan H, Ruskin JN, Reid 
PR. Flecainide: electrophysiologic and antiarrhythmic properties in refractory 
ventricular tachycardia. Am J Cardiol 1985;55:956-962. 

15. Bauman JL, Gallastegui J, Strasberg B, Swiryn S, Hoff J, Welch WJ, 
Bauernfeind RA. Long-term therapy with disopyramide phosphate: side effects 
and effectiveness. Am Heart J 1986;111:654-660. 

16. Denes P, Wu D, Wyndham C, Dhingra R, Bauernfeind R, Swiryn S, Rosen 
KM. Chronic long-term electrophysiologic study of paroxysmal ventricular tachy- 
cardia. Chest 1980;77:478-483. 

17. Morady F, Sauve MJ, Malone P, Shen EN, Schwartz AB, Bhandari A, 
Keung E, Sung RJ, Scheinman MM. Long-term efficacy and toxicity of high- 
dose amiodarone therapy for ventricular tachycardia or ventricular fibrillation. 
Am J Cardiol 1983;52:975-979. 

18. Podrid PJ. Aggravation of ventricular arrhythmia. A drug-induced complica- 
tion. Drugs 1985;29:suppl 4:33-44. 


APPENDIX 

The following group comprised the Sotalol Ventricu- 
lar Tachycardia Study Investigators: Lapeer County 
Hospital and Pontiac Osteopathic Hospital, Pontiac, 
Michigan: Jeffrey Harris, DO; Massachusetts General 
Hospital, Boston, Massachusetts: Jeremy Ruskin, MD; 
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Jackson Memorial Hospital, Miami, Florida: Liagat Za- 
man, MD; University of Louisville School of Medicine, 
Louisville, Kentucky: Prasad Palakurthy, MD; North 
East Cardiology Associates, Bangor, Maine: John 
Jentzer, MD; Wadsworth Veterans Administration Hos- 
pital, Los Angeles, California: Bramah N. Singh, MD, 
and Koonlawee Nademanee, MD; Johns Hopkins Hospi- 
tal, Baltimore, Maryland: Philip R. Reid, MD, PhD, and 
Enrico P. Veltri, MD; San Francisco Medical Center, 
San Francisco, California: Melvin M. Scheinman, MD; 
Sinai Hospital of Detroit, Detroit, Michigan: Nicholas Z. 
Kerin, MD; Veterans Administration Medical Center, 
Washington, D.C.: Steven D. Singh, MD; Northwestern 
Memorial Hospital, Chicago, Illinois: Richard F. Kehoe, 
MD; Galichia CV Group, Wichita, Kansas: J. E. Val- 
Mejias, MD; Medical College of Virginia, Richmond, 
Virginia: Robert Bauernfeind, MD; Panorama City, Cal- 
ifornia: Carol Zaher, MD; Cedars-Sinai Medical Center, 
Los Angeles, California: Eli Gang, MD; Sequoia Hospi- 
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tal District, Redwood City, California: Roger A. Winkle, 
MD; Washington Hospital, Washington, D.C.: Edward 
V. Platia, MD; Yale-New Haven Hospital, Yale Univer- 
sity Medical School, New Haven, Connecticut: Lynda 
Rosenfeld, MD; Vanderbilt University School of Medi- 
cine, Nashville, Tennessee: Raymond L. Woosley, MD, 
PhD; Daniel Freeman Hospital, Inc., Inglewood, Califor- 
nia: March Schwab, MD; Brigham and Women’s Hospi- 
tal, Boston, Massachusetts: Elliot Antman, MD; Oklaho- 
ma Memorial Hospital, Oklahoma City, Oklahoma: Ka- 
ren J. Friday, MD; Montefiore Hospital, Bronx, New 
York: Soo Kim, MD; Jewish Hospital, St. Louis, Missou- 
ri: Rodolphe Ruffy, MD; University of Utah, Salt Lake 
City, Utah: Roger A. Freedman, MD; Montreal Cardiol- 
ogy Institute, Montreal, Quebec, Canada: Dennis Roy, 
MD; University of Ottawa Heart Institute, Ottawa Civic 
Hospital, Ottawa, Ontario, Canada: Martin Green, MD; 
Vancouver General Hospital, Vancouver, B.C., Canada: 
Charles R. Kerr, MD. 





Discussion Ill: Effects in Malignant 
Ventricular Arrhythmias 


Dr. Prakash Deedwania (Fresno, California): Dr. 
Nademanee, I believe that the data you showed on the 
comparative efficacy of various class IA, IB and IC an- 
tiarrhythmics, as well as amiodarone and sotalol, need to 
be interpreted with a great deal of caution. Is it not so that 
most of the patients who were studied with type IA and 
IB agents had already been clinically refractory to these 
agents before coming to the electrophysiology laborato- 
ry? This, I believe, is the usual indication for electrophysi- 
ological study; in contrast, those who were studied on 
sotalol, an investigational agent, were usually participat- 
ing in a clinical trial and they were not as unstable or as 
refractory. 

Dr. Koonlawee Nademanee (Los Angeles, Califor- 
nia): If you are referring to the retrospective data, I agree, 
as emphasized, that it should be viewed with caution. For 
this reason, I did not even do a statistical analysis; I was 
merely illustrating trends. I agree that many patients 
coming for electrophysiologic testing are selected because 
they had failed on other drugs previously. They then 
received investigational therapy, and so it really is not fair 
to compare different agents in the statistical sense. Inter- 
estingly, however, the incidence of success with ventricu- 
lar tachycardia induction is the same with the controlled 
multicenter study as it was with our own relatively uncon- 
trolled study; we found that sotalol suppressed induction 
by 45%. However, in the multicenter study, if you exclud- 
ed triple-stimuli protocol and used only double stimuli, it 
was about 52%. This is similar to the results reported by 
Senges et al! in West Germany. 

Dr. Deedwania: My second question involves your 
including patients who had ejection fractions greater than 
20% in the multicenter study; you excluded those who 
had less than a 20% ejection fraction. Do you have any 
data in those who had ejection fractions between 20 and 
30%, and in particular those patients with dilated cardio- 
myopathy, as to how sotalol fared? I ask because it is 
known that the 8 blockers may be beneficial in these 
patients with dilated cardiomyopathy and left ventricular 
dysfunction. 

Dr. Nademanee: I do, but the numbers are too small. 
In fact, I had one patient who was receiving the drug; 
after he had experienced recurrent out-of-hospital cardi- 
ac arrest, his ejection fraction was 10%. He subsequently 
died because of pancreatic cancer. 

Dr. Earle Lockhart (New York, New York): Assuming 
that you have comparable effects based on your data, 
although it did not look as if sotalol might be better if you 
had larger numbers, is there any difference in patients 
who might respond? This was a parallel study, is that 
correct? 

Dr. Nademanee: Yes, it was a parallel study. 

Dr. Lockhart: Were any patients crossed over to de- 
termine if there was any difference in characteristics be- 
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tween the 2 groups that might enable you to say that | 
regimen might work better than the other? 

Dr. Nademanee: There is the so-called “compassion- 
ate” protocol, in which failure on procainamide allows the 
use of sotalol. Dr. Kehoe might comment on this since he 
summarized that experience. 


Question: Regarding your survival and event curves, 
did you include those continued on sotalol among the 
nonresponders? 

Dr. Richard Kehoe (Chicago, Illinois): Of the nonre- 
sponders, approximately one-third were actually contin- 
ued into the long-term phase. The reasons for that were 
basically that many of those patients had been multiple- 
drug failures. There really were no therapeutic alterna- 
tives that were considered viable options in the physi- 
cian’s judgment. Of those long-term follow-up patients, 
about one-third were nonresponders and a somewhat 
smaller proportion were nonassessable by any technique. 
However, of the nonresponders, a good fraction of those 
were still enrolled into the long-term phase of the study. 
The point is that, in terms of the overall efficacy in the 
nonresponders and in the nonassessable patients, it looks 
as if they did not do quite as well as those in whom the 
electrophysiologic testing was favorable; however, in a 
formal comparison of the actuarial curves, there was no 
statistical difference in groups based on response: favor- 
able, unfavorable or not assessable. 

Dr. Harold Kennedy (St. Louis, Missouri): I think 
that in this country we are all agreed that electrophysio- 
logic study is the method of choice for the evaluation of 
malignant ventricular arrhythmias that are hemodynam- 
ically significant. When one presents these data, the only 
noninvasive data that have stood the test of time in this 
particular population is the Holter group. Also, in that 
group, the criteria for Holter efficacy is the elimination of 
all repetitive activity. It is therefore not surprising that 
defining a group of patients as having Holter efficacy but 
still leave repetitive activity will not result in a good out- 
come. In reporting these data, I must emphasize that one 
has to use the criteria of a 100% suppression of all repeti- 
tive activity. I must also point out that in the Graboys 
data,’ it was not just the Holter monitors that were used; 
exercise testing was also utilized. That study defined effi- 
cacy in about 25% more patients by exercise testing. 
Because we do not have exercise testing here, we might 
expect that the methodology used was not comprehensive 
in this group of patients. This may influence assessment 
of patients. In most protocols, when we examine class IA 
agents “across the board” in malignant ventricular tachy- 
cardia groups, we obtain a group efficacy rate around 30 
to 35% in the long term. On this basis, sotalol is very 
competitive. However, much of the sotalol data being 
presented is from groups of patients who have a mean 
failure rate of 5 drugs. From that point of view, then, it 
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may actually be much better. I also urge you to break 
down your efficacy rate relative to ejection fraction from 
20 to 30%, 30 to 40% and 40 to 50%. 

Dr. Kehoe: Your points are all very well stated and 
well taken. In a multicenter trial with over 20 centers, 
getting uniform agreement on what criteria for efficacy 
should be employed, by any method, is obviously difficult, 
and I think that the reason the data are presented in the 
format I used is in large measure a function of that 
difficulty. Therefore, I believe it is a bit unfair to impugn 
the Holter method, because it really was not applied with 
great rigor in this study design. I also think your point 
regarding sotalol being studied in a very resistant patient 
population is worthy of emphasis. 
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Dr. Bramah Singh (Los Angeles, California): It has 
an important bearing on the issue of the intrinsic potency 
and efficacy of the drug in different subsets of patients 
with ventricular arrhythmias. 
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Sotalol for Paroxysmal Supraventricular 
Tachycardias 


A. John Camm, MD, and Vince Paul, BSc, MRCP 


Used in adequate dosages, sotalol is efficacious in 
the conversion of acute supraventricular arrhyth- 
mias, an effect that is predictable on the basis of 
the drug’s known electropharmacologic actions. 
Electrophysiologic studies have shown that both 
oral and intravenous sotalol are effective in pre- 
venting the induction of sustained arrhythmias and 
that the success of acute suppression is indicative 
of subsequent clinical control. Interim results of a 
recent trial of prophylaxis against recurrence of 
paroxysmal supraventricular tachycardia are re- 
ported, demonstrating a high efficacy with an ac- 
ceptably low profile of adverse effects. 

(Am J Cardiol 1990;65:67A-—73A) 
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efficacy against supraventricular arrhythmias— 

paroxysmal supraventricular tachycardia (PSVT) 
and paroxysmal atrial fibrillation. In 7 open trials, intra- 
venous sotalol (0.4 to 1.5 mg/kg) converted 47 of 106 
(46%) episodes of PSVT or paroxysmal atrial fibrillation. 
In 6 studies, intravenous sotalol (0.6 to 2.75 mg/kg) 
prevented reinduction of sustained PSVT in 44 of 74 
patients (59%). Oral sotalol prevented restimulation of 
PSVT in 19 of 28 patients (68%) (3 trials). In 1 study, 
sotalol was more effective than metoprolol in preventing 
reinduction of PSVT (59 vs 28%, p <0.05). 

In a variety of open clinical studies involving 74 pa- 
tients with resistant PSVT, sotalol achieved complete or 
partial suppression in 39% of patients. Sotalol (160 to 320 
mg administered twice daily) and quinidine (200 to 400 
mg administered 4 times daily) showed similar efficacy 
(53 vs 48%, respectively) in the maintenance of sinus 
rhythm in 183 patients after electrocardioversion. Post- 
operative supraventricular arrhythmias in 161 patients 
were reduced from 37% (with placebo) to 2% (with sota- 
lol). In a crossover comparison, sotalol was more success- 
ful (62%) than atenolol (31%) in preventing clinical re- 
currences of PSVT in 13 patients. 

A parallel-design (3-limb), multicenter, double-blind, 
placebo-controlled trial of sotalol (80 and 160 mg given 
twice daily) enrolled 64 patients, of whom 58 were as- 
sessed for primary efficacy and 39 completed the double- 
blind period. Trial entry required that the patient must 
have had at least 1 attack of tachycardia during each of 3 
consecutive baseline assessment periods (1 to 4 weeks). 
The treatment phase lasted 2 baseline periods or until a 
single paroxysm occurred. There were 20 of 21 recur- 
rences (95%) in the placebo group compared with 11 of 
16 (69%) in those receiving sotalol, 80 mg twice daily 
and 12 of 21 (57%) receiving sotalol, 160 mg twice daily 
(p = 0.54 and 0.012, respectively). The relative risks of 
recurrence (vs placebo) were 0.61 for sotalol, 80 mg twice 
daily (p = 0.194), and 0.41 for sotalol, 160 mg twice daily 
(p = 0.022). Apart from QT-interval prolongation, ad- 
verse effects were few and arrhythmogenic effects did not 
occur. 

Electrophysiologic studies and clinical experience at- 
test to the value (high efficacy and low incidence of ad- 
verse effects) of both intravenous and oral sotalol for the 
treatment of paroxysmal supraventricular arrhythmias. 


ck electrophysiologic profile of sotalol predicts 


SOTALOL IN THE MANAGEMENT OF 
SUPRAVENTRICULAR ARRHYTHMIAS 

Initially introduced for treatment of angina and hy- 
pertension, sotalol is a nonselective 8 blocker that is de- 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


Fogelman Prakash 
20mg 9-40mg 


Levy 
0.5mg/KG 


Nathan Teo 
0.6mg/Kg 0.6mg/Kg 


Campbell Borggrefe 
img/Kg 1.5mg/Kg 


FIGURE 1. Efficacy of intravenous sotalol in the acute conversion of paroxysmal supraventricular tachycardia. 


void of intrinsic sympathomimetic and membrane-stabi- 
lizing activity. Both Singh and Vaughn Williams! and 
Strauss et al? demonstrated that sotalol possesses electro- 
physiologic effects exceeding those of conventional 6 
blockers. Sotalol, in addition to slowing sinus rate and 
depressing atrioventricular (AV) nodal conduction, pro- 
duces an increase in the duration of the action potential 
with lengthening of the effective and absolute refractory 
periods. 

These changes are present in accessory pathways in 
addition to atrial and ventricular tissue,**+ suggesting 
widespread antiarrhythmic efficacy particularly in reen- 
trant tachycardias. Similarly, the homogeneous increase 
in the refractory period of the atrium? should help in the 
treatment of atrial fibrillation and flutter. 

Previous studies of sotalol in the control of supraven- 
tricular arrhythmias: Although intravenous administra- 
tion of sotalol rapidly achieves therapeutic plasma levels 
with associated electrophysiologic effects, early studies of 
acute termination were disappointing. Fogelman et al® 
reverted acute-onset atrial fibrillation in 3 of 5 patients 
with a single bolus but failed to terminate 5 cases of atrial 
flutter. Prakash et al’ combined a single intravenous bo- 
lus with subsequent oral dosing administered every 6 
hours but failed to convert 3 cases of atrial fibrillation and 
was successful in only 1 of 4 cases of atrial flutter. A 
single bolus of 0.5 mg/kg of sotalol produced sinus 
rhythm in 4 of 13 patients with atrial flutter/fibrillation 
and in 3 of 10 patients with junctional arrhythmias.’ A 
similar dosage (0.4 mg/kg) administered during AV re- 
entrant tachycardia by Nathan et al? to 12 patients with 
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Wolff-Parkinson-White (WPW) syndrome achieved re- 
version in only 5 patients, although the tachycardia was 
significantly decreased in the rest. Both the anterograde 
and retrograde refractory periods of the accessory path- 
ways were increased but most tachycardias terminated in 
the anterograde limb, suggesting a predominantly AV 
nodal effect. 

The low success rates achieved in the aforementioned 
studies may be a reflection of the dosages used. Fogelman 
gave only 20 mg, whereas Prakash administered between 
9 and 40 mg. The current dosage recommended, 1.5 mg/ 
kg, gives an improved success rate in a variety of arrhyth- 
mias (Fig. 1). 

Borggrefe and Breithardt!° demonstrated reversion of 
AV reentrant tachycardia in 7 of 10 patients with WPW 
syndrome using this dosage; block occurred in the AV 
node in 5 patients and in the retrograde limb in 2 patients. 
Waleffe et al!! achieved reversion in 7 of 10 patients with 
either AV nodal reentrant tachycardia or AV reentrant 
tachycardia, again using 1.5 mg/kg. 

Higher dosages (2 mg/kg) of both d- and dl-sotalol 
are also associated with an improved success rate in the 
conversion of experimentally induced canine atrial flut- 
ter, although human experience is lacking. Feld et al! 
produced reversion in 14 of 15 patients with atrial flutter 
with a bolus dose of 2 mg/kg, whereas Okumura et al!? 
achieved reversion in 6 of 7 patients with d-sotalol (mean 
time 4 minutes 37 seconds) and in 8 of 8 patients with dl- 
sotalol (mean time 2 minutes 15 seconds). 

The form of administration may also influence effica- 
cy, since Teo et al!* showed an infusion of sotalol to be 





superior to a single bolus. An infusion produced reversion 
in 6 of 7 patients with atrial flutter and in 2 of 6 patients 
with atrial fibrillation, whereas a single bolus dose 
achieved reversion in 2 of 6 and 1 of 5 patients, respective- 
ly. 

The influence of intravenous (Table I) and oral sotalol 
on the inducibility of arrhythmias has been extensively 
studied in recent years and is generally comparable. In 
keeping with its major site of action (the AV node), 
sotalol tends to be more effective in the supression of AV 
nodal reentrant tachycardia than in AV reentrant tachy- 
cardia and more effective in reentrant junctional arrhyth- 
mias than in paroxysmal atrial flutter or fibrillation. 
Noninducibility predicts subsequent clinical success, al- 
though inducibility does not necessarily indicate failure. 

Manz et al!° found that an 80-mg bolus dose of sotalol 
suppressed induction in 6 of 18 patients with WPW syn- 
drome or AV reentrant tachycardia, whereas Touboul et 
al* achieved noninducibility after administration of 0.6 
mg/kg sotalol in 5 of 9 patients with WPW syndrome. 
Suppression of the arrhythmia was largely in the AV 
node, and although the retrograde effective refractory 
period of the accessory pathway was uniformly increased, 
the effect on the anterograde refractory period of the 
accessory pathway was variable in the latter study. Using 
a high dosage (1.5 mg/kg), Rizos et al!® attained nonin- 
ducibility in 6 of 8 patients with AV nodal reentrant 
tachycardia and in 4 of 9 patients with AV reentrant 
tachycardia, whereas Borggrefe rendered the tachycar- 
dia noninducible in 5 and nonsustained in 4 of 12 patients 
with WPW syndrome. Sahar et al!’ recently investigated 
the effect of d-sotalol on a variety of supraventricular 
arrhythmias. After administering a bolus of 1.5 to 2.75 
mg, noninducibility was unsuccessful in 3 of 4 patients 
with PSVT and in 1 of 2 with paroxysmal atrial fibrilla- 
tion, whereas persistent junctional tachycardia was ter- 
minated in 1 patient and atrial flutter was decreased in 
another patient. Of these 10 patients, 9 had improvement 
with oral d-sotalol, but exact rates of recurrence were not 
given. 

Much of the published data on the prophylactic value 
of sotalol in the management of supraventricular tachy- 


FIGURE 2. Trial design for 
the paroxysmal supraventric- 
ular tachycardia study. 


3 EQUAL CONSECUTIVE 
BASELINE PERIODS 


TABLE I Efficacy of Intravenous Sotalol in the Prevention of 
Sustained Arrhythmia Induction 


Investigator Arrhythmia Dosage Efficacy 


Manz! AVRT-WPW 80 mg 6/18 
Touboul* WPW 0.6 mg/kg 5/9 
Rizos!© AVNRT 1.5 mg/kg 6/8 
AVRT 4/9 
Borggrefe!® AVRT 1.5 mg/kg 9/12 
Kunze!® AVRT 1.5 mg/kg 11/14 


AVRT = atrioventricular reentrant tachycardia; WPW = Wolff-Parkinson-White. 


-cardias has been derived from studies!’~2° in which the 


patients have been maintained with the oral preparation 
after undergoing acute electrophysiologic testing. Al- 
though this approach may result in a biased population 
being followed, it also provides valuable information on 
the predictive value of testing. The prevention of induc- 
tion and the restriction to a nonsustained tachycardia 
were both considered by Kunze et al!’ to be predictive of 
subsequent clinical outcome. In 17 patients with WPW 
syndrome, the arrhythmia was inducible in 15 at baseline 
and in 14 after an intravenous bolus of 1.5 mg/kg of 
sotalol, but in 10 of these the tachycardia was unsus- 
tained. In 7 of the patients who underwent repeat electro- 
physiologic testing after oral administration of sotalol, 
the results were similar. Of these patients, 16 were main- 
tained with oral sotalol, and during follow-up (median 36 
months) 9 were free from recurrence, whereas 6 had a 
reduction in their symptoms. Programmed electrical 
stimulation predicted clinical outcome in 63% after intra- 
venous and in 86% after oral sotalol. In 11 patients with 
WPW syndrome, Mitchell et al!? considered a successful 
result of oral sotalol to be a reduction in the inducibility of 
tachycardias and an increase in the minimum RR inter- 
val during atrial fibrillation to greater than 300 ms. Eight 
patients fulfilled these criteria: noninducibility in 4 and 
nonsustained in the remaining 4. During subsequent fol- 
low-up (15 + 12 months) with oral sotalol no patient had 
a recurrence of their arrhythmia. In 10 patients with AV 
reentrant tachycardia and AV nodal reentrant tachycar- 
dia, Cassidy et al?° found noninducibility in 7 after ad- 


DOSE ESCALATION AND OPEN LABEL PHASE 


TREATMENT PHASES 


(TREATMENT PHASE EQUALS 
2X BASELINE PERIOD) 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


TABLE Il Patient Characteristics in the Sotalol Paroxysmal 
Supraventricular Tachycardia Study 


Sotalol 
160 mg b.i.d. 
(n = 22) 


Sotalol 
80 mg b.i.d. 
(n = 20) 


Placebo 
Characteristics (n = 22) 
Gender (M/F) 
Age (yrs), mean /median 
Weight (kg), 
mean /median 
Heart rate (beats/min), 
mean /median 
Systolic BP (mm Hg), 
mean /median 
Diastolic BP (mm Hg), 
mean /median 


10/12 
48/50 
76.2/74 


14/6 
57/59 
77.7/79.1 


13/9 

54/56 
76/78.1 
76/75 


77/73 74/70 


135/130 141/140 138/133 


79/80 85/83 84/85 


b.i.d. = twice daily; BP = blood pressure. 


TABLE Ill Diagnoses of Supraventricular Tachyarrhythmias 
in the Sotalol Paroxysmal Supraventricular Tachycardia Study 


Number of Patients (%) 


Sotalol 
Type of 
Supraventricular 
Arrhythmia 


Placebo 
(n = 22) 


80 mg b.i.d. 
(n = 20) 


160 mgb.i.d. 
(n = 22) 


Sinus tachycardia 2 (9) 0 0 
Atrial fibrillation 9 (41) 10 (50) 12 (55) 
Atrial flutter 1 (5) 3 (15) 1 (5) 
Atrial tachycardia 6 (27) 7 (35) 3 (14) 
AV nodal reentrant 3 (14) 1 (5) 3 (14) 
tachycardia 
Junctional tachycardia 3 (14) 3 (15) 1 (5) 
Atrial ectopic beat 1 (5) 0 
WPW syndrome 1 (5) 4 (18) 
Atrial fibrillation 1 (5) 0 
PSVT 1 (5) 3 (14) 
Concealed 0 2 (9) 
Lown-Ganong-Levine 1 (5) 0 
syndrome 
Other 1 (5) 0 


AV = atrioventricular; b.i.d. = twice daily; PSVT = paroxysmal supraventricular 
tachycardia; WPW = Wolff-Parkinson-White. 


TABLE IV History of Supraventricular Tachyarrhythmias in 
the Sotalol Paroxysmal Supraventricular Tachycardia Study 


Sotalol 


Variable Placebo 80 mg b.i.d. 160 mg b.i.d. 


Arrhythmia duration 
No. of pts. 17 21 
Mean /median 8.7/6.0 9.3/4.5 
Arrhythmia frequency 
No. of pts. 20 22 
Number /month 14.2/6.0 7.0/4.0 9.2/3.5 
(mean /median) 
Tachycardia rate 
No. of pts. 18 16 18 
Mean /median 161/150 158/150 154/150 
(beats /min) 
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ministration of oral sotalol (80 to 480 mg/day). During a 
limited follow-up (5 + 4 months), 3 of these remained 
free from recurrence, whereas 3 had a marked reduction 
in the frequency of attacks. 


DOUBLE-BLIND, PLACEBO-CONTROLLED 
STUDY OF SOTALOL IN THE 
PROPHYLAXIS OF PAROXYSMAL 
SUPRAVENTRICULAR TACHYCARDIAS 

A placebo-controlled, randomized, double-blind, mul- 
ticenter trial has recently been designed to determine the 
efficacy of oral sotalol in the prophylaxis of a variety of 
supraventricular arrhythmias. Unlike previous studies, it 
assesses the effects of sotalol in patients with frequent 
(>1 attack per month) symptomatic palpitations without 
prior acute testing. Patients aged 18 to 80 years with 
evidence of arrhythmia (on electrocardiography or Hol- 
ter monitoring) during a symptomatic episode were eligi- 
ble for inclusion provided they had not been totally re- 
fractory to previous antiarrhythmic medication. 

The novel study design (Fig. 2) overcomes some of the 
difficulties encountered in assessing the control of a vari- 
able and episodic condition. The duration of the study 
period was determined by the frequency of episodes dur- 
ing 3 baseline off-therapy periods of variable duration (1 
to 4 weeks). The double-blind phase consisted of an initial 
1-week dose escalation period during which patients re- 
ceived either a placebo or sotalol, 80 mg twice daily. This 
was followed by 2 periods of equal duration to the base- 
line phase, during which patients continued to take either 
placebo or sotalol in dosages of either 80 or 160 mg twice 
daily. The efficacy of the treatment was assessed in terms 
of relative risk and the time to first recurrence. 

The planned enrollment of 125 patients has now been 
achieved, and results are available for 64 patients who 
have completed the trial. Patient characteristics, underly- 
ing arrhythmia, prior medication and history of attacks 
are listed in Tables II to VI. 

Of the patients randomized to receive 160 mg of sota- 
lol twice daily, 45% were free from tachycardia recur- 
rence during the treatment phase, a significant improve- 
ment in the 5% freedom from relapse recorded in the 
placebo group. Sotalol, 80 mg twice daily, showed a trend 
toward successful control but did not quite reach statisti- 
cal significance, with 31% of patients free from relapse 
during the treatment period (Fig. 3). Investigators classi- 
fied patient response to treatment as completely or par- 
tially successful in 62% of patients taking 160 mg twice 
daily, in 50% taking 80 mg twice daily, and in 3% taking 
placebo. Patients with a variety of arrhythmias have been 
enrolled in this study, and although numbers do not yet 
allow statistical analysis, it would appear that greater 
success is achieved in the management of reentrant 
tachycardias than in paroxysmal atrial fibrillation (Fig. 
4). Only 16% of patients with paroxysmal atrial fibrilla- 
tion remained free from tachycardia during the double- 
blind phase compared with 61% of patients with other 
forms of PSVT. 

The incidence of adverse effects has been acceptably 
low (Table VI); only 2 patients (1 from each sotalol 
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TABLE V Number (%) of Patients Who Received Prior 
i ic Medication in the Sotalol Paroxysmal 
raventricular Tachycardia Study 


FIGURE 4. Comparison of 
- x atri 





A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


(n=13) 





SO 
(120-240 mg/day) 


METOPROLOL 
50 mg tid 


SOTALOL 
°80 mg tid 


Treatment Started Within 48 Hours of Surgery 


group) withdrew. Significant prolongation of the QT in- 
terval, compared with baseline, was observed in both 
groups receiving sotalol (mean increase 47 + 14 ms for 
sotalol, 80 mg twice daily, and 58 + 12 ms for sotalol, 160 
mg twice daily). However, the changes were largely rate- 
related and the increases in QTc were not significant (3 + 
9 and 7 + 9 ms). There was no lengthening of the QTc 
beyond 550 ms, and no proarrhythmic effects were ob- 
served. The precise incidence of proarrhythmic effects 
due to sotalol is unknown, but reported cases are infre- 
quent. Torsades de pointes is more likely to occur in the 
presence of supratherapeutic plasma levels caused by 
overdosage or renal failure or in the presence of electro- 
lyte disturbance. 

The most adverse effects could be attributed to the 8- 
blocking properties of sotalol, with fatigue or asthenia 
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ATENOLOL 


(50-100 mg/day) 


FIGURE 5. Crossover comparison 
of sotalol vs atenolol, freedom from 
relapse at 6 weeks. 


FIGURE 6. Incidence of su- 
praventricular arrhythmia af- 
ter coronary artery bypass 
graft surgery (randomized 
open trial). 


CONTROL 


being the predominant complaint. However, as with other 
hydrophilic 6 blockers, the incidence of central nervous 
system side effects was low. Sotalol (possibly due to an 
increase in the duration of the action potential) may have 
less propensity than other 8 blockers to aggravate cardiac 
failure. In the trial, no deterioration of cardiac function 
occurred, although patients with New York Heart Asso- 
ciation class IV heart failure were excluded. In the dos- 
ages used, there have been few respiratory problems but 
patients with contraindications to 6 blockade were ex- 
cluded. 


EFFICACY OF SOTALOL COMPARED WITH 
OTHER ANTIARRHYTHMIC DRUGS 

Generally, sotalol appears to be better tolerated than 
other antiarrhythmic agents and equally as effective. In 





an open, active-controlled trial of 183 patients, the safety 
and efficacy of sotalol has been compared with quinidine 
in its ability to maintain sinus rhythm after direct-current 
conversion of atrial fibrillation. Although efficacy of the 
drugs was similar (53% of those taking sotalol were still in 
sinus rhythm 6 months after shock compared with 48% of 
those treated with quinidine), sotalol was better tolerated 
by the patients. Atrial fibrillation in these cases was gen- 
erally of short duration (75% in less than 6 months) 
before conversion. A small active-controlled, double- 
blind, crossover evaluation?! showed sotalol (120 to 240 
mg/day) to be significantly more effective and better 
tolerated in the prophylaxis against PSVT than atenolol 
(50 to 100 mg/day) (Fig. 5). However, in a large, multi- 
center, open, historically controlled trial of 74 patients, 
who had been inadequately controlled with other antiar- 
rhythmic drugs, sotalol produced complete or partial sup- 
pression in 39%. 

Sotalol has also demonstrated greater success than 
other antiarrhythmic drugs in the control of postoperative 
arrhythmias. Campbell et al?” compared sotalol (given as 
an initial bolus of 1.0 mg/kg, followed by an infusion of 
0.2 mg/kg/hour) with a digoxin/disopyramide combina- 
tion. Although both regimens achieved a reversion rate of 
17 of 20 in 24 hours, reversion was significantly more 
rapid in the sotalol group. In a randomized trial of 161 
patients, Janssen et al? demonstrated sotalol to be superi- 
or to both placebo and metoprolol in the prophylaxis of 
postoperative arrhythmias (Fig. 6) and to achieve rever- 
sion more rapidly when tachycardias occurred. 

Patients treated prophylactically received either sota- 
lol as an intravenous bolus of 0.3 mg/kg within 1 hour of 


operation followed by 80 mg 3 times daily at 24 hours, or 
intravenous metoprolol, 0.1 mg/kg, followed at 24 hours 
by 50 mg twice daily. In the placebo group, there was a 
36% incidence of supraventricular tachycardia postoper- 
atively compared with 15.2% in the group receiving meto- 
prolol and 2.4% in those receiving sotalol. 


CONCLUSION 

Used in adequate dosages, sotalol is efficacious in the 
conversion of acute supraventricular arrhythmias. Elec- 
trophysiologic studies have shown that both oral and in- 
travenous sotalol are effective in preventing the induction 
of sustained arrhythmias and that the success of acute 
suppression is indicative of subsequent clinical control. 
Trials of prophylaxis demonstrate a high efficacy with an 
acceptably low profile of adverse effects, confirming the 
value of sotalol in the management of supraventricular 
tachycardias. 
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Clinical Safety Profile of Sotalol in 
Patients with Arrhythmias 


Lester F. Soyka, MD, Carol Wirtz, RN, MSN, and Robert B. Spangenberg MD, PhD 


Key safety parameters of sotalol were examined in 
1,288 patients entered into recent controlled trials 
of ventricular (85% of patients) or supraventricular 
arrhythmias (15%). Most patients were middle- 
aged male Caucasians with significant heart dis- 
ease. 

The most serious adverse event was proarrhyth- 
mia, occurring in 56 patients (4.3%). Of these, 27 
had hemodynamic compromise due to malignant 
ventricular arrhythmias. Most had a history of sus- 
tained ventricular tachycardia, myocardial infarc- 
tion, congestive heart failure (CHF) or cardiomyop- 
athy, or a combination of these. The other 29 had 
nonsevere events; 38% continued taking sotalol. 
Proarrhythmia was manifested by torsades de 
pointes in 24 of the 56 patients. No universal caus- 
al relation was found with commonly associated 
factors such as bradycardia, hypokalemia and long 
QT interval. The mean QT and QTc at baseline 
within 1 week of a severe proarrhythmic event 
were greater than those of patients not having pro- 
arrhythmia. 

Nineteen patients (1%) discontinued therapy 
with sotalol because of drug-related CHF. Predis- 
posing conditions included low initial baseline ejec- 
tion fraction, history of CHF, cardiomyopathy or 
cardiomegaly, or both, male gender and age >65 
years. Heart failure usually occurred within 7 to 30 
days of initiating therapy. 

The most common reason for premature discon- 
tinuation of the drug in patients treated for sus- 
tained ventricular tachycardia was ineffectiveness 
(39%), whereas adverse effects were the most 
common reasons among patients treated for com- 
plex ventricular ectopy (21%). Dyspnea and brady- 
cardia were the most common cardiovascular ef- 
fects, and fatigue, dizziness and asthenia the most 
common noncardiac, adverse effects. Although fre- 
quently reported, these adverse effects resulted in 
discontinuation of only 1 to 4% of the patients at 
risk. 

Considering the benefits of the antiarrhythmic 
and -blocking effects of sotalol, its risk/benefit ra- 
tio is highly favorable for the treatment of ventricu- 
lar and supraventricular arrhythmias. 

(Am J Cardiol 1990;65:74A-81A) 


From the Cardiovascular Clinical Research, Bristol-Myers Squibb 
Company, Wallingford, Connecticut. 

Address for reprints: Lester F. Soyka, MD, Bristol-Myers Squibb 
Company, 5 Research Parkway, P.O. Box 5100, Wallingford, Connect- 
icut 06492. 
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Mead Johnson Laboratories and characterized in 
1965 as a 6 blocker.'! Marketed in Europe, Canada, 
Australia, South Africa and elsewhere since 1974, its use 
has been primarily for treatment of hypertension, angina 
pectoris and arrhythmias. The ability of sotalol hydro- 
chloride to prolong the action potential duration of myo- 
cardial fibers was recognized as early as 1968.2 Definitive 
studies by Singh and Vaughan Williams? provided a new 
category in the classification of the electrophysiologic 
characteristics of antiarrhythmic drugs, namely, class III. 
Recently, interest in the therapeutic usefulness of an 
agent possessing both 6-blocking (class II) and class III 
properties has resulted in a rapid expansion of studies in 
patients with ventricular and supraventricular arrhyth- 
mias, with particular emphasis on life-threatening ven- 
tricular arrhythmias. Comprehensive reviews have ap- 
peared.*> 
Trials were sponsored by Bristol-Myers Company to 
provide a basis for a New Drug Application seeking ap- 
proval for marketing of sotalol hydrochloride in the Unit- 
ed States. These controlled trials, plus data derived from 
supportive and retrospectively collected data from ar- 
rhythmia studies performed in Europe and the Republic 
of South Africa, provide the foundation for evaluating the 
safety of sotalol. In addition, a large data base derived 
from more than a decade of clinical trials in the treatment 
of hypertension, angina pectoris, and secondary preven- 
tion in patients with myocardial infarction, plus postmar- 
keting and medical reports, have been examined, but an 
analysis is beyond the scope of this article. 
This review will focus on the safety aspects of the 
arrhythmia studies, with emphasis on controlled trials. 


Sve" hydrochloride was synthesized in 1960 by 


METHODS 

Data base: The data were derived from 181 clinical 
studies that enrolled 5,856 patients or subjects. The most 
important single group of these studies consists of 12 
randomized, double-blind, placebo-, active drug- or his- 
toric-controlled trials that enrolled 1,288 patients. These 
data were placed in a composite electronic data base, 
termed the current controlled arrhythmia trials, and pro- 
vide the best single source for documenting safety. In 
addition, there were (1) 3 other controlled arrhythmia 
trials with 136 patients that, because of their design, 
could not be appropriately merged with the first group; 
(2) 6 supportive trials with 147 patients; and (3) 5 studies 
enrolling 454 patients conducted in a retrospective man- 
ner. For the latter, data were collected on Bristol-Myers’ 
designed case report forms from trials conducted by lead- 
ing investigators in Europe and South Africa. The bal- 
ance of the data base, i.e., 155 studies enrolling 3,831 





INVESTIGATOR'S 
OPINION 


FIGURE 1. Algorithm for proar- 
rhythmia observations. CAPS = 
Cardiac Arrhythmia Pilot Study; 
NSVT = nonsustained ventricular 
tachycardia; PVC = premature ven- 
tricular complex; TdP = torsades de 
pointes; SVT = supraventricular 
tachycardia; VF = ventricular fibril- 
lation. 


REVIEW BY BMY 
—NEW ONSET 
—MORE SEVERE 
—ALL CASES OF TdP 


NO 
—RECURRENCE 


—THERAPEUTIC FAILURE 


HEMODYNAMIC COMPROMISE 


INCREASED VPC 
INCREASED NSVT 


INVESTIGATOR'’S 
OPINION 


REVIEW BY BMY 
USING CAPS CRITERIA 


PROARRHYTHMIA 


NO 
RANDOM VARIABILITY 
IN ECTOPY 


MILD SYMPTOMS NO SYMPTOMS 


URGENT MEDICAL INTERVENTION 


SEVERE 


patient /subjects, mainly comprised patients without ar- 
rhythmia. Most of these trials (142 of the 155) were 
conducted before 1980, enrolling mainly patients with 
hypertension (1,628), angina pectoris and a number of 
other clinical entities such as thyrotoxicosis and migraine. 

Proarrhythmia: An algorithm was devised in which 
all patient case report forms were screened to ascertain 
possible instances of proarrhythmia (Fig. 1). All cases of 
sustained ventricular tachycardia, ventricular fibrillation 
or torsades de pointes (TdP), considered by the investiga- 
tor to represent proarrhythmias, were so classified. All 
other episodes were then reviewed by Bristol-Myers’ 
medical staff with particular attention to onset, severity, 
outcome and any additional mitigating or relevant data. 
If judged to have a probable relation, these cases were 
added to the group identified by the investigators. Cases 
in which the preponderance of evidence suggested recur- 
rence of the arrhythmia being treated were excluded. For 
the less severe cases, e.g., increased total hourly number 
of ventricular premature complexes (VPCs) or increased 
number of episodes of nonsustained ventricular tachycar- 
dia, the same process was followed. If the investigator 
considered such occurrences to represent a proarrhyth- 
mia, they were so classified. If not, they were classified as 
proarrhythmia if they met the criteria developed for the 
Cardiac Arrhythmia Pilot Study (CAPS).° Cases not 
meeting these criteria were considered to represent ran- 
dom variability. 

All cases classified as proarrhythmia were then divid- 
ed between those that resulted in hemodynamic compro- 
mise or required urgent medical attention, or both, which 
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RANDOM 
VARIABILITY 


NONSEVERE 


were termed “severe,” and those that had no or only mild 
symptoms, which were termed “nonsevere.” 


RESULTS 

Current controlled arrhythmia trials—demograph- 
ics: The study population was predominantly male 
(75%), Caucasian (88%) and middle-aged (mean 58.7 
years). Thirty-five percent were age 265 years. 

Type of arrhythmia: There was a substantial number 
of patients in each subcategory of arrhythmia, whether 
based on diagnosis or trial design (Table I). The largest 


TABLE I Diagnosis and Design of Current Controlled 
Arrhythmia Trials 


Disease and Trial Design Studies No. of Pts. 


Complex ventricular arrhythmia 
Concurrent placebo control 
Dose comparison 
Historical control 
Concurrent active drug 

Total 

Sustained VT 
Concurrent active drug 
Historical control 

Total 

Supraventricular arrhythmia 
Concurrent placebo 
Historical control 
Concurrent active drug 

Total 
Total 


VT = ventricular tachycardia. 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


TABLE II Medical History of Patients in Controlled 
Arrhythmia Trials 


No. of Pts. (%)* 
Total (n = 1,285)" 


936 (42%) 
479 (37%) 


Hypertension 

Angina pectoris or coronary insufficiency, 
or both 

CAD with previous MI 

CAD without previous MI 

Valvular disease 

Idiopathic heart disease 

Cardiomegaly 

Congestive heart failure 

Second- or third-degree heart block 

Shock or circulatory collapse, or both 

Cardiomyopathy 

Cardioversion 


548 (43%) 
135 (10%) 
225 (18%) 
100 (8%) 
321 (25%) 
235 (18%) 

50 (4%) 
118 (9%) 
146 (11%) 
383 (30%) 

* For each cardiovascular history variable, the indication is based on the actual 
number of available data. 


t Three patients had no available cardiovascular history. 
CAD = coronary artery disease, MI = myocardial infarction. 


single group consisted of patients with complex ventricu- 
lar ectopy—693 patients, or 53.8% of the total. There 
were 381 patients (30%) with a diagnosis of sustained 
ventricular tachycardia and 214 treated with supraven- 
tricular arrhythmia, mainly atrial fibrillation. 

Medical history: A substantial proportion of patients 
had significant cardiovascular history, including hyper- 
tension, angina, coronary artery disease and congestive 
heart failure (CHF) (Table II). As expected, patients 
with sustained ventricular tachycardia had the highest 
percentage of severe conditions, e.g., coronary artery dis- 
ease (78%), CHF (38%), cardiomegaly (44%) and car- 
diomyopathy (20%); 77% underwent successful cardio- 
version (data not shown). Forty-nine percent of patients 
were in New York Heart Association (N YHA) function- 
al class I, 44% in II, 8% in III and 1 patient was in class 
IV. Arrhythmias and heart disease had been present for 
many years in most patients (mean 3.5 years for arrhyth- 
mia and 6.5 years for heart disease). 

Prior medicaton history: Medication prescribed be- 
fore receiving sotalol was reflective of the high incidence 
of cardiovascular disease in the population. More than 
60% of patients had received treatment with a wide vari- 
ety of drugs, including class I antiarrhythmics (40%), 8 
blockers (29%), cardiac glycosides (14%), calcium chan- 
nel blockers (14%), coronary vasodilators (10%), as well 
as drugs for the treatment of hypertension (7%), nonthia- 
zide diuretics (6%), thiazides (5%) and class III antiar- 
rhythmics (3%). 

Duration and dosage: Exposure to sotalol was pro- 
longed enough to observe any late adverse events, with 
389 patients treated 1 year or longer. The doses given 
ranged from 40 to 960 mg/day (in 2 divided doses), with 
most receiving 160 to 640 mg. Because this is the current- 
ly recommended dose range, the data obtained were a 
valid reflection of the response to doses that will be used 
in the general population. 

Proarrhythmia: Among the 1,288 patients in the cur- 
rent controlled arrhythmia trials, 110 were identified by 
the algorithm (Fig. 1). Of these, 56 patients (4.3%) were 
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considered to have possibly or probably drug-related 
proarrhythmic events (Fig. 2). The balance, 54 patients, 
had increased ectopy that met the CAPS criteria® for 
either increased VPC (43) or increased nonsustained ven- 
tricular tachycardia. (14) It was concluded that these 
cases reflected random variability and were not drug 
related because (1) all patients were without symptoms, 
(2) all continued to take sotalol, and (3) the incidence of 
increased ectopy was comparable to that found for place- 
bo-treated patients in the CAPS trial.® 

Of the 56 patients with drug-related putative proar- 
rhythmic events, 27 had severe episodes: sustained ven- 
tricular tachycardia (9), ventricular fibrillation (6) and 
TdP with hemodynamic compromise (12). Their out- 
come was discontinuation (20), death (3) or continuation 
at the same dose after insertion of pacemaker or at a 
decreased dose (4). 

Other investigator-noted proarrhythmias of a nonse- 
vere nature occurred in 29 patients. The dubious relation 
to sotalol and the mild nature of the putative proarrhyth- 
mic event was underscored by the fact that 38% contin- 
ued to take sotalol (Fig. 2). 

Torsades de pointes: Among the 56 patients with 
proarrhythmia in whom proarrhythmia developed, 24 
had TdP, an overall incidence of 1.9%. As noted previous- 
ly, TdP was associated with hemodynamic compromise in 
one-half of the patients, but there were no fatalities. Eigh- 
teen of the 24 patients had a history of sustained ventricu- 
lar tachycardia, and the same number had a history of 
myocardial infarction or cardiomyopathy, or both. 

No systematic relation could be found with hypokale- 
mia, long QT, bradycardia or other commonly associated 
factors. However, in individual cases, 1 or more of these 
factors was clearly associated. More frequently, border- 
line abnormal values of 2 or 3 of the provocative factors 
appeared to be related. 

Relation to QT interval: The association between 
baseline and on-therapy QT and QTc values was exam- 
ined by comparing the values of patients with severe 
proarrhythmias with those of the balance of the study 
patients (Fig. 3). Of the patients destined to experience a 
severe proarrhythmia, the mean baseline QT and QTc 
were 33.7 and 26.9 ms longer, respectively, than those 
values for the comparison group (Fig. 3). The QTc differ- 
ence was highly statistically significant (p = 0.0029), but 
that for QT was not (p = 0.08) because of the wider 
variability. The QTc difference was not due to different 
heart rate (72.9 + 0.4 vs 71.5 + 3.4 beats/min, p = 0.67). 
Similarly, in a small number of patients (16) who had an 
electrocardiogram recorded within 1 week of the proar- 
rhythmic event, the QT and QTc were 28.2 and 22.4 ms 
longer, respectively, when compared with the mean maxi- 
mal on-therapy values for patients not experiencing a 
severe proarrhythmia. These differences did not quite 
reach statistical significance (p = 0.057 and 0.078, re- 
spectively) due to the wide variability (large standard 
error of the mean), but some patients had clearly pro- 
longed intervals. 

Congestive heart failure: Nineteen patients (1%) dis- 
continued therapy with sotalol in the controlled arrhyth- 





FIGURE 2. Drug-related proar- 
rhythmia in current controlled ar- 
rhythmia trials. 


SOTALOL 
DISCONTINUED 
(N = 20) 


FIGURE 3. Comparison of mean 
baseline and on-therapy QT and 
QTc—-patients with severe proar- 
rhythmia compared with patients 
without proarrhythmia. Values are 
mean + standard error of the mean; 
QT and QTc are measured in milli- 
seconds and heart rate (HR) in 
beats/minutes. *QTc at baseline 
differs significantly between 
groups, p = 0.0029. All other com- 
parisons were not statistically sig- 
nificant 


NO 
(N = 1261) 


BASELINE 

(N = 1132) 
QT 392.5 + 
QTc 428.0 


1.2 
+ 1.2 
HR 72.9 + 0.4 


MAXIMUM ON-THERAPY 


(N = 1128) 


QT 475.1 + 1.7 
QTc 465.3 + 1.5 


mia trials due to drug-related CHF (Table III). All were 
men, and 53% were age 265 years. Only 4 of the 12 
patients who underwent a baseline ejection fraction de- 
termination had an ejection fraction in the normal range 
(45%). Other contributory conditions included a history 
of CHF (10), cardiomyopathy (6) and cardiomegaly 
(10). CHF developed in 7 patients within 7 days and in an 
additional 11 patients within 30 days of initiating sotalol. 
Their median total daily dose was 320 mg. 


THE AMERICAN JOURNAL OF CARDIOLOGY JANUARY 2, 1990 


SEVERE PROARRHYTHMIAS 
(N = 27) 
2% INCIDENCE 


DEATHS 
(N = 3) 


PROARRHYTHMIC EVENTS 
= 56) 
4.3% INCIDENCE 


NONSEVERE 
PROARRHYTHMIAS (N = 29) 
2% INCIDENCE 


DOSE SAME 
OR DECREASED 
(N = 11) 


DOSE SAME 
OR DECREASED 
(N = 4) 


SOTALOL 
DISCONTINUED 
(N = 18) 


DEATHS 
(N = 0) 


SEVERE PROARRHYTHMIAS 


BASELINE 

(N = 21) 
QT 426.2 + 18.2 
QTc 454.9 + 11.3" 
HR 71.5 + 3.4 


LAST VALUE <7 DAYS BEFORE 
PROARRHYTHMIC EVENT 
(N = 16) 


QT 503.4 + 19.8 
QTc 488.0 + 13.0 


Premature drug discontinuation: The most common 
reasons for premature discontinuation of a drug were: 
ineffective treatment (22%), adverse effects (16%) and 
administrative reasons (8%), followed in frequency by a 
variety of miscellaneous causes (Table IV). The incidence 
of discontinuation for lack of efficacy was highest among 
patients treated for sustained ventricular tachycardia 
(39%) vs only 8% among those treated for complex ec- 
topy. The opposite relation was true for discontinuation 
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TABLE Ill Patients Discontinuing Therapy Because of Drug-Related Congestive Heart Failure in Current Controlled Arrhythmia 


Trials 


Baseline 
EF /NYHA 
Class 


Age (yr) 


Sex 


History 
of CHF 


History of 
Cardiomyopathy 


Cardiomegaly 
at Baseline 


Dose 
Duration 
at Onset 
(days) 


Total 

Daily 

Dose at 
Onset (mg) 


Therapy 
Duration 
at Onset 
(days) 


Patients with Ventricular Arrhythmia (n = 693) 


a El EI tae ee Ae a 
me me SA mee Se 2 oe eS 


44/11 
35/11 
54/ll 
40/1 

34/11 


ili Se” a a a En aa iy r a S 


A 


e 
NQOAWNAOABRNNYK HO 


—_ 


Patients with Supraventricular Arrhythmia (n = 214) 


69M 


66M NA + 


A 


160 


320 A 3 


EF = ejection fraction; NA = not available; NYHA = New York Heart Association classification. 


TABLE IV Reasons for Premature Discontinuation from 
Current Controlled Arrhythmia Trials 


Total No. (%) 
of Patients 
Discontinued 


Reason (n = 1,293)* 


280 (21.7%) 
211 (16.3%) 
103 (8.0%) 
31 (2.4%) 
31 (2.4%) 
30 (2.3%) 
11 (0.9%) 
6 (0.5%) 
1 (0.1%) 
2 (0.2%) 


Ineffective 

Adverse effect 
Administrative 
Patient moved 
Proarrhythmia 
Patient died 
Intercurrent illness 
Arrhythmia resolved 
Worsening of disease 
Alternative therapy 
Other 13 (1.0%) 
Total 719 (55.6%) 


* Five patients reentered trials. 


due to adverse effects: 11% among patients with sustained 
ventricular tachycardia vs 21% among patients with ven- 
tricular ectopy. Presumably, in patients with life-threat- 
ening arrhythmias, both patient and physician were will- 
ing to tolerate mild and moderate adverse effects. Most 
patients who had discontinued treatment for administra- 
tive reasons had completed the double-blind portion but, 
for a variety of reasons, elected not to enter the long-term 
extension of the trial. Proarrhythmia caused discontinua- 
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tion in 2.4% of patients, a figure consistent with the iden- 
tification and classification of “severe” cases by the algo- 
rithm previously discussed. 

Further examination of the most frequent adverse 
effects and those associated with premature discontinua- 
tion is presented in Table V. In the cardiovascular system, 
dyspnea and bradycardia were the most common and, in 
most cases, were considered drug-related effects by the 
investigators. These various cardiovascular adverse ef- 
fects resulted in discontinuation of 1 to 4% of the popula- 
tion at risk. 

Among the noncardiac adverse effects, fatigue, dizzi- 
ness and asthenia were the most common, and each re- 
sulted in discontinuation of 1.9 to 3.6% of the patients at 
risk. Gastrointestinal effects, namely, nausea /vomiting 
and diarrhea, occurred infrequently, each causing discon- 
tinuation in about 1% of patients. 

Laboratory examinations: Serial batteries of serum 
chemistries, hematology and urinalysis were obtained. 
From this enormous data base, key variables were select- 
ed for presentation (Table VI). Examination of the medi- 
an percent change from baseline of both the maximal test 
value and the last test value recorded while the patient 
was taking the drug failed to reveal any generalized 
trend, with the possible exception of triglycerides, which 
tended to increase. Considering that these values include 
nonfasting determinations, the increase is probably insig- 
nificant (p <0.001). However, the increase was modest, 
from 182 + 9.2 mg/dl at baseline to 202 + 68 mg/dl at 





TABLE V Most Frequent Adverse Effects of Sotalol in the Current Controlled Arrhythmia Trials 


Percent 

of Pts. 
Discontinuing 
Who Reported 


No. of Pts. 
Reporting 
While on Sotalol 


No. of Pts. 
Discontinuing 


Cardiovascular 
Dyspnea 
Bradycardia 
Chest pain 
Heart failure 
Palpitations 

Nervous 
Fatigue 
Dizziness 
Asthenia 
Headache 

Gastrointestinal 
Nausea /vomiting 
Diarrhea 


Percent 

of Pts. 

Discontinuing 

Because of any Adverse 
Effects 

(n = 211) 


Percent 

of Pts. 

Discontinuing 

from the Population at 
Risk (n = 1,288) 


TABLE VI Summary Statistics For Selected Laboratory Test Results in the Current Controlled Arrhythmia Trials 


Median Percent Change from Baseline 


Maximal 
Laboratory Test Value 
Test Variable ‘ (%) (%) 


Alkaline phosphatase 
Total bilirubin 

SGOT 

SGPT 

Triglycerides 
Cholesterol 
Creatinine 

BUN 


Last 
Test Value 


Incidence of Above-Normal 
On-Sotalol Test Values* 


Max. Test Value Last Test Value 
On-Sotalol Baseline On-Sotalol 
(%) Baseline (%) 


42/501 (8.4) 
35/578 (6.1) 
65/617 (10.5) 
40/393 (10.2) 
68/190 (35.8) 
50/370 (13.5) 
52/619 (8.4) 
6/75 (8.0) 


30/499 (6.0) 
24/574 (4.2) 
38/612 (6.2) 
20/390 (5.1) 
49 /192 (25.5) 
31/369 (8.4) 
30/616 (4.9) 
5/75 (6.7) 


* Incidence = number of patients with on-sotalol test values above normal limits divided by the number of patients whose baseline values were within or below normal limits. 


Investigator’s normal laboratory ranges were used. 


BUN = blood urea nitrogen; Max. = maximal; SGOT = serum glutamic oxaloacetic acid; SGPT = serum glutamic pyruvic transaminase. 


the last test. Similarly, serum cholesterol increased only 
slightly, from 212 + 2.1 to 219 + 2.1 mg/dl (p <0.001). 
The incidence of above-normal on-sotalol test values, ex- 
amining either the maximum ever recorded or the most 
recent value, again revealed no general trend, with the 
possible exception of triglycerides. 

_ Five patients discontinued therapy because of abnor- 
mal laboratory values. In 4, no relation could be ascer- 
tained between the abnormal laboratory values and sota- 
lol administration. In the fifth, a highly plausible expla- 
nation for a modest increase in the white blood cell count 
was present. 

Other patient groups: In the remaining arrhythmia 
studies (miscellaneous, supportive and retrospective), 
there were 9 cases of severe proarrhythmia, an incidence 
of 1.2% (Table VII); in the early, mainly nonarrhythmic 
clinical studies group, the incidence was 0.08% (3 of 
3,831). Thus, the overall incidence of severe proarrhyth- 
mia in the clinical trials was 0.7% (39 of 5,856). 

Among the 39 cases of severe proarrhythmia, 19 
(49%) were of the TdP form. Thus, the overall incidence 
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TABLE Vil Occurrence of Proarrhythmia and 
Discontinuation Because of Adverse Effects in Sotalol 
Clinical Trials 


Discontinuation 
Because of 
Adverse Effect 
No. (%) 


No. of Severe 
Pts. Proarrhythmia 


Clinical Trials Group Enrolled No. (%) 


Current controlled 1,288 27 (2.1) 211 (16) 
arrhythmia 

Miscellaneous controlled 136 
arrhythmia 

Supportive arrhythmia 147 

Retrospective arrhythmia 454 

Nonarrhythmia 3,831 


Total 5,856 


1 (0.7) 24 (18) 
4 (2.7) 
4 (0.9) 
3 (0.08) 

39 (0.7) 


21 (14) 

27 (6) 
286 (7) 
569 (10) 


of TdP was 0.3%. In all cases of TdP (severe and nonse- 
vere), the incidence was 0.5%. 

Adverse effects caused discontinuation of 6 to 18% of 
patients in the various clinical trial groups, with an overall 
incidence of 10% (Table VII). 
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DISCUSSION 

The evaluation of safety of any therapeutic agent is 
obtained by a careful assessment of the benefit:risk ratio, 
given that all drugs have adverse effects. The benefit side 
of the equation consists of the direct benefits of drug 
therapy to the patient as well as the relative benefits of the 
particular drug in question, compared with other drugs 
used for treatment of the same of similar condition. 

Benefits of therapy: The benefits of the treatment of 
arrhythmias are several. First, appropriately directed 
antiarrhythmic therapy can prolong life in patients with 
malignant ventricular arrhythmias,’~’ although this is 
often difficult to demonstrate in any antiarrhythmic 
agent. Sotalol prevents induction of ventricular tachycar- 
dia by programmed electrical stimulation and reduces 
recurrences!°-!3 and thus likely enhances survival. Pre- 
vention of ventricular fibrillation has been demonstrated 
in a conscious canine model of sudden cardiac death.!* 
Second, sotalol decreases the occurrence of nonfatal ar- 
rhythmias causing symptoms associated with hemody- 
namic compromise, such as syncope and lightheadedness 
(Bristol-Myers Company, unpublished observations). 

Third, sotalol decreases symptoms that are annoying 
and sometimes disabling, such as palpitations and dizzi- 
ness. Here, the indication for treatment rests on less ob- 
jective grounds, yet symptom relief is a fundamental ther- 
apeutic goal. 

Risks of therapy: The data presented indicate that the 
risk and adverse effects complicating sotalol therapy stem 
from its properties as a 6 blocker and its propensity to 
prolong cardiac repolarization. 

Proarrhythmia: The proarrhythmic risk of sotalol is 
less than that of many currently marketed antiarrhyth- 
mic agents.'>:'!© This is true despite the occurrence of 
TdP,'’-*° which is noteworthy chiefly because it is the 
form of proarrhythmia most easily recognizable as drug 
related.*! The rather low incidence (1.9%) in the current 
controlled arrhythmia trials, with one-half of the cases 
being self-limiting and causing few symptoms, indicates 
that this reaction is not a major safety issue. Among those 
patients who did have severe (hemodynamically compro- 
mising) TdP, the episodes were either self-terminating or 
controlled by the widely available and routine measures 
of temporary pacing, intravenous magnesium sulfate, ad- 
justing the rate of a permanent pacemaker, infusion of 
isoproterenol or a combination of these. In only 6 cases 
was direct-current cardioversion used. Consistent with 
reports of TdP with quinidine? or drug-associated ven- 
tricular fibrillation,” TdP occurred soon after initiation 
of sotalol or after an increase in dose. Most episodes 
occurred in patients with major cardiac disorders plus a 
history of sustained ventricular tachycardia /ventricular 
fibrillation. Because standard practice dictates that ther- 
apy be initiated in the hospital for such patients, TdP 
would be detected by telemetry or Holter monitoring, and 
prompt management instituted. In addition, the risk of 
initiating TdP probably can be minimized by avoidance 
of hypokalemia, excessive QT prolongation and brady- 
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cardia. Maintaining serum potassium concentrations at 
>4.0 mmol/liter as a means of reducing proarrhythmia 
with all antiarrhythmic agents has been suggested.” 

Congestive heart failure: The long-standing concern 
in the medical community about administration of 6 
blockers to patients with heart failure prompted detailed 
examination of the tolerance of patients with left ventric- 
ular dysfunction to sotalol. In the controlled arrhythmia 
trials, there were 235 patients with a medical history of 
CHF (44% in NYHA class II, 8% in NYHA class III). 
Overall, the discontinuation of sotalol therapy for new or 
worsened CHF was only 1.5%. Although cautious dose 
titration, judicious use of nonthiazide diuretics and serial 
examinations are indicated to avoid precipitation of 
CHF, the risk does appear to be as great as had been 
anticipated based on current dogma. 

Beta blockade: Sotalol has adverse effects that relate 
to its 6-blocking activity. Bradycardia led to discontinua- 
tion of therapy in 35 patients (2.7%). A wide range of 
physicians have extensive experience with 6 blockers; 
their familiarity with the management of -blockade ef- 
fects (e.g., by dose reduction, pacemaker implantation 
and reduction of concomitant medication) gives consider- 
able confidence that these adverse effects will not prove 
unduly burdensome to the physician or present excessive 
risk to the patient. Beta blockade produced by sotalol 
provides numerous benefits to the patient with cardiac 
disease, being anti-ischemic, reducing blood pressure and 
reducing the rate of reinfarction and mortality after myo- 
cardial infarction.** 


CONCLUSIONS 

Sotalol possesses a well-characterized safety profile, 
with the principal adverse effects being (1) dyspnea, bra- 
dycardia and fatigue, i.e., responses inherent in 8 blockers 
because they are extensions of the pharmacology; (2) 
proarrhythmia, most clearly defined when manifest as 
TdP; and (3) worsening of CHF in about 2%. The risk of 
severe proarrhythmia was relatively modest (2%) and 
occurred chiefly among patients treated for sustained 
ventricular tachycardia. Therapy in these patients is initi- 
ated under close medical supervision, and any such epi- 
sodes are managed by standard hospital procedures. Al- 
though TdP had an overall incidence of 0.3% in all pa- 
tients (1.9% in the current arrhythmia clinical trials), 
only one-half of these occurrences were associated with 
hemodynamic compromise. TdP with sotalol has not re- 
sulted in a fatal outcome in the clinical trials or among 
any of the approximately 30 patients reported on. More- 
over, the favorable risk:benefit ratio of sotalol is striking 
compared with amiodarone, the only other available oral 
class III antiarrhythmic drug. 
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Discussion IV: 
Supraventricular Arrhythmias 


Dr. Bramah Singh (Los Angeles, California): Dr. 
Camm has provided a succinct review of the emerging 
role of sotalol in supraventricular tachyarrhythmias. Dr. 
Camm, do you think that the mechanism of prevention or 
reduced incidence of recurrence of atrial fibrillation in- 
duced by sotalol is related to the class ITI action of sotalol 
on the atrial tissue, or are there other mechanisms in- 
volved? 

Dr. A. John Camm (London, United Kingdom): That 
is obviously a question that cannot be answered from a 
simple review of the data on the efficacy of the com- 
pound. Undoubtedly, any drug that will make the atrial 
myocardium more homogeneous in terms of its recovery 
should reduce the probability of atrial fibrillation. Cer- 
tainly, in the Wolff-Parkinson-White setting, or where 
there is a concealed: bypass tract present, one would antic- 
ipate that blocking conduction would prevent early ech- 
oes and would prevent the arrhythmias; the extension of 
the refractory period, of course, is not sufficient. We need 
to know what effect it has on the relative refractory peri- 
od and the vulnerable period within that context. Do you 
have any other ideas? 

Dr. Singh: No, I was just asking if there were any 
studies to support the mechanisms that you mentioned. 
Do you know of any studies that have looked at their 
validity? 

Dr. Camm: I am not aware of any studies in that area. 
I know of many studies, but not with sotalol. 

Question: Dr. Camm, I found your data on atrial 
fibrillation fascinating. It is such a large area of arrhyth- 
mia management, perhaps with the highest morbidity for 
the largest number of people; I was very impressed by 
your figures with paroxysmal atrial fibrillation and sota- 
lol. Do you think sotalol offers us something new in com- 
parison to class I drugs? 

Dr. Camm: Many of the patients included in this mul- 
ticenter study had class I agents, and I presume that they 
were not effectively controlled with those agents. As such, 
therefore, sotalol seems to offer an additional dimension. 
However, when the comparison was made between quini- 
dine and sotalol in the postcardioversion setting, there 
was no clear difference between the 2 drugs. I do not 
think that one necessarily needs a numerical difference, 
as long as there is a different spectrum of action, and a 
different group in which the drug will be efficacious. In 
my clinical experience, sotalol is a very effective agent for 
the management of paroxysmal atrial fibrillation. It is 
one that I use as a first choice and to be free of the 
potential problems that can occur with flecainide; I think 
the class IC drugs are the next best compounds for the 
management of paroxysmal atrial fibrillation. Therefore, 
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I choose sotalol first and then something like flecainide, 
encainide or propafenone. 

Dr. Singh: Dr. Camm, I have always been interested 
in the relative importance of changes in conduction vs 
refractoriness as a component of the mechanism mediat- 
ing the salutary effects in the control of cardiac arrhyth- 
mias in general. In this context, I have always thought 
that lengthening of the action potential duration is the 
way to convert atrial fibrillation to sinus rhythm. We see 
more and more data, albeit relatively uncontrolled, on the 
effectiveness of the class IC drugs in this context. If I were 
to ask you to take a typical 6 blocker, sotalol, and a class 
IC drug such as flecainide or encainide, and do a random- 
ized study in people with chronic atrial fibrillation, how 
do you think the efficacy results might turn out? I am not 
alluding to the issue of maintaining stability of sinus 
rhythm, but merely to acute conversion. We studied pro- 
cainamide many years ago at Cedars-Sinai Medical Cen- 
ter.! A significant percentage of patients were converted 
by procainamide, which happens to have class I and class 
III actions. Would you care to speculate? 

Dr. Camm: I think that it would be a close race be- 
tween flecainide, which has a predominant effect on con- 
duction, and sotalol, which has a predominant effect on 
repolarization. Both of them would be far superior to 
digoxin or 6 blockade. However, I do not know whether 
sotalol or a class IC compound would be the most effec- 
tive at converting established atrial fibrillation. 

Dr. Elliott Entman (Boston, Massachusetts): I would 
like to comment that we have had experience with per- 
sons who are refractory to conventional therapy like a 
class I agent. We were quite impressed with the efficacy 
of sotalol, not only in those who had failed on the conven- 
tional class IA agent, but also in those who had failed on 
propafenone. Also, essentially in those persons who had 
failed on propafenone, we then gave them sotalol for the 
treatment of both paroxysmal and chronic atrial fibrilla- 
tion; 50% of these patients were controlled with sotalol, 
leading us to believe that it might be interesting to give 
sotalol as the first agent in this kind of trial. 

Dr. Camm: I am not certain what would happen if you 
did it the other way. You may well have had the same sort 
of results. 

Dr. Entman: That is right; we need to randomize the 
first drug. In terms of percent conversion of chronic atrial 
fibrillation, we observed about a 25% incidence of phar- 
macologic conversion with sotalol, but I would like to 
point out that we pushed the doses a little higher than 
what was reported in the Swedish multicenter study com- 
paring quinidine and sotalol. With careful monitoring of 
the QTc interval, we increased the dosage to 480 mg 





twice a day as long as there were no 6-blocker-related 
side effects and where the QTc did not exceed 500 ms. I 
also think that perhaps increasing the drugs a little higher 
allowed us to achieve that rate of conversion. 

Dr. Singh: Dr. Camm, I am not sure I understood 
your comment as to the effect of class IC agents on 
conversion of atrial fibrillation. Why would a drug that 
prolongs conduction convert atrial fibrillation? 


Dr. Camm: That was not my point. My point was that 
it does convert atrial fibrillation and it does predominant- 
ly affect conduction within the atrium, compared with its 
effect on the refractory period of the atrium. 
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Expanding Clinical Role of Unique Class Ill 
Antiarrhythmic Effects of Sotalol 


Bramah N. Singh, MD, DPhil 


The concept of controlling cardiac arrhythmias by 


prolonging repolarization was first exemplified in 
the electrophysiologic properties of sotalol. It has 
since been shown to be a property shared by an in- 
creasing number of compounds. Sotalol has an ad- 
ditional propensity for blocking 6 receptors; there- 
fore, its net effects in controlling arrhythmias result 
from its -blocking actions as well as lengthening 
the refractory period of cardiac muscle. The prop- 
erties of amiodarone, another class Ill agent, are 
even more complex. The potency of these 2 agents 
must therefore be distinguished from the so-called 
“pure” class Ill agents, which may exhibit a more 
restricted spectrum of action. Available data indi- 
cate that prolonged QT interval (the correlate of 
prolonged cardiac repolarization) merely provides 
the substrate for antifibrillatory and proarrhythmic 
actions relative to the absence or presence of asso- 
ciated pharmacologic properties of the compounds 
or to the clinical setting in which these compounds 
are used. Thus, class Ill agents might be expected 
to exhibit a variable spectrum of efficacy as antifi- 
brillatory drugs with an equally variable incidence 
of torsades de pointes and so induce a proarrhyth- 
mic effect. An understanding of the mechanisms 
underlying these differences, especially at a cellular 
level, may provide the basis for the development of 
newer, clinically relevant antiarrhythmic and antifi- 
brillatory compounds. 

(Am J Cardiol 1990;65:84A-88A) 
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clearly indicate that diverse supraventricular and 

ventricular arrhythmias can be controlled effec- 
tively by using sotalol. It is widely appreciated that sotalol 
is a potent 8 blocker. However, now it is also clear that the 
drug is not just another 8 blocker; it belongs to the class of 
agents that markedly lengthen cardiac repolarization, 
with a corresponding increase in the effective refractory 
period and little or no effect on conduction. Indeed, it is 
the prototype of class III antiarrhythmic agents.'! The 
data show that the overall antiarrhythmic effects of sota- 
lol may be separable, although not readily, in terms of the 
effects that stem from its 6-blocking actions and those 
that arise from its propensity to prolong the cardiac ac- 
tion potential. The purpose of this final report in the 
proceedings is to examine critically the issues that appear 
important in terms of the electrophysiologic determinants 
of antiarrhythmic efficacy and the proarrhythmic effects 
of drugs that appear to act selectively by primarily pro- 
longing myocardial repolarization. 

There is a growing plethora of agents that lengthen 
cardiac repolarization; until very recently, there were few 
“pure” substances that prolonged repolarization and re- 
fractoriness without inducing a change in other electro- 
physiologic properties. The known agents exhibit a vari- 
able spectrum of not only antiarrhythmic efficacy but 
also an equally variable propensity to induce torsades de 
pointes—the most specific and striking proarrhythmic 
effect associated with prolonged repolarization. The 
question has therefore arisen as to the circumstances in 
which prolonged QT interval on the surface electrocar- 
diogram constitutes an antiarrhythmic mechanism and 
when it is proarrhythmic.? 


IÈ data presented in the symposium proceedings 


ANTIARRHYTHMIC EFFICACY AND 
PROLONGED REPOLARIZATION 

The efficacy of sotalol should be judged in light of its 
property as a 8 blocker and as a compound that markedly 
prolongs voltage-dependent refractoriness. Table I pre- 
sents a qualitative summary of the antiarrhythmic ac- 
tions of sotalol compared with those of conventional 6 
blockers. It is evident that the spectrum of arrhythmias 
responding to the drug acutely and after chronic therapy 
is wider than that for conventional 6 antagonists and is 
predictable from its electrophysiologic properties.*4 

Supraventricular arrhythmias: Certain issues merit 
emphasis with respect to the role of sotalol in the control 
of supraventricular tachyarrhythmias. For example, it 
appears that in the acute conversion of atrial fibrillation 
and flutter, the so-called class III actions of sotalol are 
likely to be critical. However, further controlled trials 





should be performed to confirm that the drug is more 
effective than conventional 8 blockers. The use of d- 
sotalol in this setting is likely to delineate the significance 
of adrenergic blockade, if any, in the acute conversion of 
atrial flutter fibrillation. Sotalol is also effective in exert- 
ing not only an antifibrillatory effect in the case of atrial 
fibrillation complicating preexcitation syndromes, but 
also in slowing the frequency of the fibrillatory impulses 
reaching the ventricle as a result of an increased refracto- 
ry period. The possibility of a depressant effect on antero- 
grade conduction in this setting cannot be excluded, since 
at high concentrations the drug is known to inhibit the 
fast sodium channel.° In this context conventional 8 
blockers are without effect. Because sotalol prolongs the 
refractory period in atria, it is likely to be effective in 
maintaining sinus rhythm in patients with atrial flutter 
and fibrillation converted to sinus rhythm either chemi- 
cally or electrically. However, definitive data in this area 
are few. 

Again, controlled, blinded clinical trials need to be 
performed to determine the precise efficacy of sotalol 
compared with class IA agents (such as quinidine, pro- 
cainamide and disopyramide), which appear to work by 
altering conduction as well as refractoriness. Such trials, 
involving a comparison between sotalol and class IC 
agents such as flecainide and encainide (working essen- 
tially by slowing conduction), will also be of much theo- 
retical and practical importance. 

Experimental data indicate the presence of multiple 
reentrant loops within the atrium that provide the basis 
for atrial fibrillation. The prospect for the acute conver- 
sion to sinus rhythm is low when there are numerous 
reentrant circuits. If one considers the leading circle hy- 
pothesis as the basis of the arrhythmia, the number of 
reentrant circuits will depend on the size of the atrium; it 
will also be inversely proportional to the refractory period 
of the atrium. Thus, agents that prolong the atrial refrac- 
tory period and slow conduction velocity are likely to be 
most effective in terminating atrial flutter and fibrilla- 
tion.® 

It is well established that 6 blockers slow the ventricu- 
lar response in atrial flutter and fibrillation by blocking 
adrenergic impulse traffic at the atrioventricular (AV) 
node; it is not clear whether such an effect is likely to be 
augmented by the additional class III effect of sotalol. 
However, purely on the basis of electrophysiologic con- 
siderations, this appears unlikely. The availability of the 
so-called pure class III agents devoid of autonomic effects 
(e.g., UK 66,798, E-4031 and sematilide) will be helpful 
in resolving this issue. Similarly, it is uncertain whether 
sotalol has a more potent effect in the acute termination 
of reentrant supraventricular tachycardias involving the 
AV node in the anterograde limb of the reentrant circuit, 
or whether the drug might be more effective than a con- 
ventional 6 blocker in reducing the recurrences of these 
arrhythmias during chronic prophylactic therapy. Here 
again, the issue is the role of changes in conduction vs 
those in refractoriness as the principal determinants of 
salutary effects in preventing reentrant supraventricular 
arrhythmias. In experimental models’ and in humans,’ d- 
sotalol, essentially a pure class III agent devoid of 8- 
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TABLE I Comparative Antiarrhythmic Spectrum of Action of 
Sotalol and Conventional Beta Blockers Relative to Induction 
of Torsades 


Conventional 8 
Blocker 
(Reference: 
Propranolol) 


Type of Arrhythmia Sotalol 


Supraventricular 
PSVT (reentrant): 
acute termination 
after i.v. injection 
PSVT oral prophylaxis 
Atrial flutter /fibrillation 
Acute conversion 
Sinus rhythm after i.v. 
injection 
Atrial flutter /fibrillation 
chronic prophylaxis of 
stability of sinus rhythm 
Slowing of ventricular 
response (acutely and 
chronically) in atrial 
fibrillation 
Atrial flutter /fibrillation 
complicating WPW 
syndrome (slowing of 
ventricular response and 
preventing recurrence of 
the arrhythmia) 
Ventricular 
VPC suppression ++ (?+++) 
VT /VF (spontaneous) ++ 
VT /VF (inducible by PES) ++ (?+++) 
Reduction in sudden death 
in after-MI ++ 
Induction of torsades de 
pointes (%) 5 


O (potential for 
aggravation) 


i.v. = intravenous; MI = myocardial infarction; PES = programmed electrical stimu- 
lation; PSVT = paroxysmal supraventricular tachycardia; VPC = ventricular prema- 
ture complexes; VT /VF = ventricular tachycardia / fibrillation. 

The range O to +++ indicates no effect to maximal effect possible after drug 
therapy. The net effects of sotalol represent a summed result of its 6-blocking and 
antifibrillatory actions. The conclusions summarized here represent impressions 
based on uncontrolled and often limited data but are in line with the electrophysiolog- 
ic actions of the drugs. 


blocking activity, had little effect on AV nodal conduc- 
tion or refractoriness. 

Class Ill action and suppression of ventricular ar- 
rhythmias: The critical issue is to what extent the so- 
called pure class III antiarrhythmic action contributes to 
the observed beneficial effect of the known class III 
agents in the suppression of (1) ventricular premature 
complexes (VPCs), and (2) either spontaneously occur- 
ring ventricular tachycardia/fibrillation or the arrhyth- 
mias inducible by programmed electrical stimulation of 
the heart. The effects of sotalol in these 2 categories of 
ventricular arrhythmias have been discussed in the pro- 
ceedings. What has not clearly emerged from the studies 
reported here is the link between class III effects and the 
observed antiarrhythmic effects of sotalol. 

It is interesting that in a double-blind, comparative 
study involving propranolol and sotalol, the VPC suppres- 
sant effect of sotalol was significantly (although slightly) 
greater than that of propranolol.? In other reports the 
difference is not as clearly evident. Therefore, the ques- 
tion is not settled as to whether the apparently greater 
effect of sotalol is due to its class II] actions. This appears 
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A SYMPOSIUM: CONTROLLING ARRHYTHMIAS WITH SOTALOL 


to be inherently unlikely from electrophysiologic consid- 
erations. 

Evidence indicates that “isolated” prolongation of the 
action potential duration has little or no effect on VPCs. 
For example, for the serotonin antagonist ketanserin, 
which lengthens repolarization,!° Zehender et al!! found 
that suppression of VPCs with placebo and ketanserin 
were indistinguishable statistically. Thus, it appears that 
the so-called class III action, per se, might be devoid of 
significant antiectopic propensity. The 2 class III agents, 
sotalol and amiodarone, the properties of which were 
greatly exploited by Singh and Vaughan Williams!:!2-'4 
to promulgate the concept of class III antiarrhythmic 
action, are pharmacologically complex and their antiec- 
topic activity might stem from other electrophysiologic 
properties. However, one may reasonably argue that they 
have a greater potency for suppression of VPCs* because 
they induce a much greater degree of QT lengthening. 
This is unlikely, however, since clofilium, which produces 
a marked lengthening of cardiac repolarization, has a 
negligible effect on VPC suppression.!> 

Therefore, studies with newer pure class III agents 
(e.g., sematilide, UK 68,798 and E-4031), which have the 
lone property of lengthening the action potential duration 
with a corresponding change in refractoriness, will be 
necessary to resolve the issue. For the present, it may be 
reasonable to conclude that different class III agents may 
have varying potencies for VPC suppression because of 
associated properties. For example, in the case of sotalol, 
its antisympathetic activity is clearly important; in the 
case of amiodarone, the potent antiectopic actions, in- 
creasing as they do as a function of time, might be related 
not only to its associated antiadrenergic and class I elec- 
trophysiologic actions but possibly also to its property of 
tissue-specific thyroid hormone antagonism.!® 

It also seems that the actual length of the QT interval 
may not equate well with overall antiarrhythmic efficacy. 
One might expect a spectrum of antiarrhythmic efficacy 
for a given degree of QT lengthening by a number of class 
III agents. For example, ketanserin, N-acetylprocaina- 
mide and clofilium produce varying degrees (mild to con- 
siderable) of QT prolongation; they are relatively weak 
antiarrhythmic agents and have little or no suppressant 
effect on VPCs. In contrast, sotalol and amiodarone, 
which also produce mild to considerable QT lengthening 
relative to dose and duration of therapy, are potent an- 
tiectopic and antifibrillatory agents.* As discussed by Na- 
demanee and Singh,!’ sotalol is effective in controlling 
resistant ventricular tachycardia and fibrillation. The 
drug is at least as potent as procainamide in suppressing 
ventricular tachycardia inducible by programmed electri- 
cal stimulation; some data suggest that sotalol might be 
more potent in this regard when compared with most of 
the conventional class I antiarrhythmic agents. Whether 
such a difference would pass the test of more rigorous 
controlled, comparative studies remains uncertain. The 
potency of a pure class III agent in suppressing ventricu- 
lar tachycardia and fibrillation inducible by programmed 
electrical stimulation of the heart also remains specula- 
tive. Controlled clinical trials with agents that exert a 
relatively pure effect on repolarization and refractoriness 
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will clearly be important in delineating the role of class 
III effects in mediating the antifibrillatory actions of 
these compounds. 


d-SOTALOL AND CLASS Ill 
ANTIARRHYTHMIC ACTIONS: SIGNIFICANCE 
OF SYMPATHETIC INHIBITION 

As indicated elsewhere,!® the levo- and the dextro- 
isomers of sotalol exert identical electrophysiologic ac- 
tions on cardiac muscle, except for those effects mediated 
via competition for 6 receptors. In this regard, the dex- 
troisomer (d-sotalol) is about 50-fold less active. Thus, d- 
sotalol has little effect on AV nodal conduction and re- 
fractoriness; it also has a much less bradycardic response 
than |-sotalol. The electrophysiologic profile of d-sotalol 
has been characterized in humans. It is similar to that in 
experimental animals and in cellular preparations. How- 
ever, there are limited data on the comparative effects of 
the dextroisomer relative to the antiarrhythmic actions of 
dl-sotalol in humans. 

Extensive clinical experience with dl-sotalol reviewed 
in this symposium has identified 3 potential practical 
advantages of d-sotalol when compared with the race- 
mate (dl-sotalol). First, the relative absence of the 6- 
blocking effect even at high doses is likely to minimize 
those adverse effects directly related to the blocking of 
adrenergic receptors. Second, the lack of 6-blocking ef- 
fects will lead to a corresponding reduction in the inci- 
dence and severity of heart failure, especially in patients 
whose ventricular performance depends critically on aug- 
mented sympathetic drive. Third, a less pronounced bra- 
dycardic effect, at least on theoretical grounds, is likely to 
be associated with a lower incidence of torsades de 
pointes, which occur in approximately 5% of patients 
given dl-sotalol. These features are clearly desirable. 
Their precise importance, however, can be gauged only 
by the comparative efficacy of d- and dl-sotalol in ventric- 
ular and supraventricular tachyarrhythmias relative to 
their proarrhythmic effects, especially the comparative 
incidence of torsades de pointes. 

Nevertheless, there are reasons to believe that, at least 
as far as the issue of efficacy is concerned, it is unlikely 
that d-sotalol will be found to be as effective as dl-sotalol. 
Many lines of clinical and experimental data emphasize 
the significance of the adrenergic nervous system in medi- 
ating the genesis of life-threatening ventricular arrhyth- 
mias and the salutary effects of sympathetic antagonism 
in their control.'? In recent years, 8 blockers have been 
the only class of agents that have been shown in con- 
trolled trials to reduce the incidence of sudden death in 
survivors of acute myocardial infarction,” an effect that 
is quantitatively correlated with heart rate reduction.7! 
This emphasizes that the degree of 6 blockade is the 
crucial factor. It is known that both left stellate ganglion- 
ectomy and @ blockade have been strikingly superior to no 
treatment or conventional treatment in preventing ven- 
tricular fibrillation in the hereditary long QT-interval 
syndromes.”* Furthermore, there are emerging data that 
the benzofuran derivative amiodarone, which has a sig- 
nificant antiadrenergic effect acutely and chronically, 
has a beneficial effect in the survivors of acute myocardial 





infarction who have VPCs documented on Holter moni- 
toring.” Data documenting the value of amiodarone in 
patients with resistant symptomatic sustained ventricular 
arrhythmias and in survivors of sudden cardiac death in 
uncontrolled trials are also increasing.'4 

These data, interpreted in light of the extensive exper- 
imental studies that have documented the reduced proba- 
bility of ventricular fibrillation by sympathetic inhibi- 
tion, suggest that d-sotalol is unlikely to be as effective as 
dl-sotalol in life-threatening ventricular arrhythmias. 
Again, it will be crucial to compare the effects not only of 
d-sotalol but also of the pure class III agents with those of 
dl-sotalol and amiodarone in patients with symptomatic 
sustained ventricular tachycardia and in survivors of sud- 
den cardiac death. 


CLASS Ill ANTIARRHYTHMIC ACTIONS AND 
THE INCIDENCE OF TORSADES DE POINTES 

The most specific and predictable proarrhythmic ef- 
fect of drugs that lengthen cardiac repolarization is the 
electrocardiographic syndrome of torsades de pointes. 
This should be distinguished from the rapid and often 
incessant ventricular tachycardia that occurs in the wake 
of therapy with drugs that markedly delay conduction 
and that is often difficult to reverse or control. The latter 
proarrhythmic effect is particularly exemplified by class 
IC agents such as flecainide and encainide.4 In contrast, 
torsades de pointes can often be reversed promptly and 
appear to be uncommonly associated with the develop- 
ment of ventricular fibrillation unless the patient is treat- 
ed with drugs or interventions that further prolong cardi- 
ac repolarization. Therefore, it is important to identify 
the situations under which prolonged cardiac repolariza- 
tion becomes the substrate for the development of tor- 
sades de pointes. 

In recent years, a number of observations on the clini- 
cal significance of drug-induced lengthening of the QT 
interval have been made.!4 First, it is known that the 
relation is not linear between the degree of lengthening of 
the QT interval and the development of torsades de 
pointes. For example, a modest lengthening of the QT 
interval with quinidine may lead to the development of 
torsades de pointes, whereas a profound increase is rarely 
associated with the arrhythmia in the case of amiodarone. 
Second, for a given degree of QT lengthening produced 
by a variety of drugs, the incidence of torsades de pointes 
varies from one compound to the next. Third, there are 
several instances of QT prolongation in clinical situations 
(e.g., hypocalcemia and hypothyroidism) in which tor- 
sades de pointes or any other form of tachyarrhythmias 
are exceedingly rare. Finally, there is now compelling 
evidence!‘ that lengthening the QT interval, induced by a 
number of cardioactive compounds (e.g., amiodarone and 
sotalol), constitutes a discrete antiarrhythmic and antifi- 
brillatory mechanism, which was suggested many years 
ago.!:12 

How does one reconcile these 2 seemingly paradoxic 
but experimentally and clinically well-supported observa- 
tions? Clearly, as indicated elsewhere,’ prolonging the 
QT interval must merely provide the substrate for the 
development of either an antiarrhythmic effect with a 
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“modulated” lengthening of the effective refractory peri- 
od (the so-called class III action exhibited by a number of 
compounds) or a proarrhythmic effect (torsades) when a 
set of associated features (e.g., hypokalemia, bradycardia 
and possibly delayed conduction) alters membrane stabil- 
ity over the plateau range of the action potential, thus 
leading to oscillations in the form of early afterdepolari- 
zations. Such an electropharmacologic framework ap- 
pears to be consistent with the clinical observation that 
different agents that prolong the QT interval of the sur- 
face electrocardiogram exhibit a variable incidence of 
torsades de pointes. 

The difference in the propensity of various QT-pro- 
longing agents or pathophysiologic states to induce tor- 
sades de poirites is of practical and theoretical impor- 
tance. It may provide important insights regarding the 
underlying mechanisms of the arrhythmia. For example, 
in the case of hypocalcemia and hypothyroidism, torsades 
are rare unless there is associated severe hypokalemia.?> 
Similarly, torsades de pointes occur infrequently2° with 
amiodarone therapy, even though the drug markedly pro- 
longs the QT interval (often over 600 ms) accompanied 
by pronounced bradycardia.'® The reason for this is not 
clear, but preliminary data recently reported by Taka- 
naka and Singh?’ suggested that it may be related to the 
associated calcium-channel blocking effects of amioda- 
rone inhibiting the propensity for the development of 
early afterdepolarizations. In this context, it is interesting 
that in hyperthyroidism, the magnitude of the slow in- 
ward calcium current increases, and the converse is true 
in hypothyroidism?*; the electrophysiologic effects of hy- 
pothyroidism closely resemble those of chronic amioda- 
rone administration.”? 

Available evidence indicates that, at least so far as the 
effects of amiodarone on repolarization are concerned, 
such effects may be linked to drug-induced inhibition of 
T; action at the site of the myocardial nuclear receptor. '® 

If this were the case, one may draw 2 possible conclu- 
sions: First, the effects of amiodarone on repolarization, 
as in the case of hypothyroidism,'®”? will be homoge- 
neous from cell to cell, with little or no dispersion of 
refractoriness. This will lead to a reduced probability of 
focal reexcitation. Second, because the magnitude of the 
slow inward current is greatly diminished in the settings 
of both chronic amiodarone treatment!® and in hypothy- 
roidism,”* the likelihood of torsades de pointes due to the 
development of calcium-mediated afterdepolarizations is 
correspondingly reduced. In both instances, torsades de 
pointes has been reported in cases of associated hypokale- 
mia, indicating that electrolyte derangements (hypokale- 
mia or hypomagnesemia) may at least partly nullify or 
reverse the protective effects of slow-channel block 
against the development of torsades de pointes. 

This is consistent with the observations in the case of 
bepridil, a calcium channel blocker that significantly 
lengthens the QT interval. Most cases of torsades associ- 
ated with the use of this drug have occurred in patients 
with reasonably severe hypokalemia.2° However, if it can 
be established that most cases of torsades de pointes re- 
sult from slow calcium channel mediated early afterdepo- 
larizations, it is possible that a combination of a class IT] 
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antiarrhythmic agent with calcium antagonists (such as 
verapamil, diltiazem or the dihydropyridines) may pre- 
vent the development of torsades de pointes. In the mean- 
time, attention is focused on sotalol as an effective class 
III antiarrhythmic compound for the control of ventricu- 
lar and supraventricular tachyarrhythmias, which have a 
low propensity for inducing torsades. 


FUTURE PROSPECTS AND CONCLUSIONS 

Controlling arrhythmias by prolonging cardiac repo- 
larization now appears to be an established therapeutic 
principle. Lengthening of repolarization in any cardiac 
tissue leads to a corresponding increase in the refractory 
period, which reduces the number of impulses the tissue 
can sustain per unit time, an effect that will reduce the 
probability of fibrillation. In the working myocardium, 
such as atrial and ventricular cells, prolonging the action 
potential will produce a positive inotropic action; this is 
obviously important in an antiarrhythmic agent for use in 
patients with impaired hemodynamic function. The over- 
all properties of an agent that exerts its principal action 
by lengthening repolarization—the so-called class II] 
mechanism—were first exemplified by sotalol, which has 
the additional property of blocking 8 receptors. 

The electropharmacologic properties of sotalol, amio- 
darone and other class III antiarrhythmic agents indicate 
that lengthening cardiac repolarization merely provides 
the substrate for a potent and broad-spectrum antiar- 
rhythmic action as well as for a well-defined proarrhyth- 
mic effect in the form of torsades de pointes. Which of 
these effects predominates during a particular clinical 
situation depends not only on the associated pharmaco- 
logic properties of the compound but also on the clinical 
setting. There does not appear to be a sound electrophysi- 
ologic rationale for pure class II] agents to suppress VPCs 
and supraventricular contractions; the antifibrillatory ac- 
tions of these drugs are likely to dominate their. clinical 
effects. Their effects on the sinus node are complex, and it 
is not clear to what extent the class III effects in the sinus 
node might contribute to slowing of heart rate seen with 
some agents. 

The varying potencies of different class III agents for 
controlling cardiac arrhythmias and their differing pro- 
clivities to induce torsades de pointes for a given degree of 
QT lengthening are not explained by known electrophysi- 
ologic properties. These differences, however, are practi- 
cally and theoretically important. The availability of the 
patch-clamp and whole-cell clamp techniques?! in cells 
isolated from all parts of the heart may permit studies to 
delineate the mechanisms underlying these differences in 
terms of structure-activity relations and individual ionic 
currents mediating repolarization and depolarization. 
Such studies may provide the basis for the essential links 
between the antifibrillatory and proarrhythmic correlates 
of prolonged cardiac repolarization. 


REFERENCES 


1. Singh BN, Vaughan Williams EM. A third class of antiarrhythmic action. 
Effects on atrial and ventricular intracellular potentials and other pharmacologic 
actions on cardiac muscle of MJ1999 and AH 3474. Br J Pharmacol 1970;39: 
675-685. 


88A THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


2. Singh BN. When is QT prolongation anti-arrhythmic and when is it proar- 
rhythmic? Am J Cardiol 1989;63:867-869. 

3. Senges J, Lengfelder W, Jauernig R, Czyfan E, Brachmann J, Rizos I, Cobbe 
S, Kubler W. Electrophysiologic testing of therapy with sotalol for sustained 
ventricular tachycardia. Circulation 1984;69:577-583. 

4. Nademanee K, Feld G, Hendrickson JA, Singh PN, Singh BN. Electrophysio- 
logic and antiarrhythmic effects of sotalol in patients with life-threatening ventric- 
ular tachyarrhythmias. Circulation 1985;72:555-563. 

5. Carmeliet E. Electrophysiologic and voltage clamp analysis of the effects of 
sotalol on isolated cardiac muscle and Purkinje fibers. J Pharmacol Ther 
1985;232:817-825. i 

6. Allessie MA, Bonke FIM. Atrial arrhythmias: basic concepts. In: Mandel WJ, 
ed. Arrhythmias: Their Mechanisms, Diagnosis and Management. Philadelphia: 
JB Lippincott, 1987;186-207. 

7. Lynch JJ, Wilber DJ, Montgomery DG, Tsieh TM, Patterson E, Luchessi BR. 
Anti-arrhythmic antifibrillatory actions of the levo- and dextro-rotatory isomers 
of sotalol. J Cardiovasc Pharmacol 1984;6:1132-1141. 

8. Rowland E. The clinical electrophysiological effects of d-sotalol—a new Class 
III antiarrhythmic drug (abstr). JACC 1985;5:498. 

9. Deedwania PK. Suppressant effects of conventional beta-blockers and sotalol 
on complex and repetitive ventricular premature complexes. Am J Cardiol 
1990;65:43 A-SOA. 

10. Nademanee K, Lockhart E, Pruitt C, Singh BN. Cardiac electrophysiologic 
effects of intravenous ketanserin in humans. J Cardiovasc Pharmacol 1987; 
10:suppl 3:S81-S84. 

11. Zehender M, Meinertz T, Hohnloser S, Geibel A, Hartung J, Just H, the 
Multicenter Research Group. Incidence and clinical relevance of QT-prolonga- 
tion caused by ketanserin—a new selective serotonin antagonist. Am J Cardiol 
1989 63:826-832. 

12. Singh BN, Vaughan Williams EM. The effect of amiodarone, a new anti- 
anginal drug, on cardiac muscle. Br J Pharmacol 1970;39:357-367. 

13. Singh BN, Hauswirth O. Comparative mechanisms of action of antiarrhyth- 
mic drugs. Am Heart J 1974;87:367-377. 

14. Singh BN, ed. Control of Cardiac Arrhythmias by Lengthening Repolariza- 
tion. Mount Kisco, NY: Futura Publishing, 1988;1-577. 

15. Steinberg MI, Lindstrom TD, Fasola AF. Clofilium. In: Scriabine A, ed. New 
Drugs Annual: Cardiovascular Drugs. Vol. 2. New York: Raven Press, 1984:103- 
123. 

16. Singh BN. Amiodarone: historical development and pharmacologic profile. 
Am Heart J 1983;106:788-797. 

17. Nademanee N, Singh BN. Effects of sotalol on ventricular tachycardia and 
fibrillation produced by programmed electrical stimulation: comparison with oth- 
er antiarrhythmic agents. Am J Cardiol 1990;65:53A-57 A. 

18. Kato R, Yabek S, Ikeda N, Kannan R, Singh BN. Electrophysiologic effects 
of dextro- and levo-isomers of sotalol in isolated cardiac muscle and their in vivo 
pharmacokinetics. JACC 1986;7:116-125. 

19. Jewitt DE, Singh BN. Beta-adrenergic blockade in acute myocardial infarc- 
tion. In: Meltzer LE, Dunning AJ, eds. Textbook of Coronary Care. Amsterdam: 
Excerpta Medica, 1974;282-305. 

20. Yusuf S, Peto R, Lewis J, Collins R, Sleight P. Beta-blockade during and 
after myocardial infarction: an overview of the randomized trials. Prog Cardio- 
vasc Dis 1985;27:335-371. 

21. Kjekshus J. Heart rate reduction—a mechanism of benefit? Br Heart J 
1985,8:suppl:1 15-122. 

22. Schwartz PH. Idiopathic long QT syndrome: progress and questions. Am 
Heart J 1985;109:399-405., 

23. Burkart F, Pfisterer M, Kiowski W, Burckhardt D, Follath F. Improved 
survival in patients with asymptomatic ventricular arrhythmias after myocardial 
infarction with amiodarone: a randomized controlled trial. Circulation 1989; in 
press. 

24. Singh BN. Editorial: Controlling cardiac arrhythmias: to delay conduction or 
to prolong refractoriness. Cardiovasc Drugs Ther 1989; in press. 

25. Fredlund BD, Olsson SB. Long QT interval and ventricular tachycardia of 
“torsade de pointes” type in hypothroidism. Acta Med Scand 1980;213:213-218. 
26. Rakita L, Mostow ND. Side effect profile of amiodarone and approaches to 
optimal dosing. In: Singh BN, ed. Control of Cardiac Arrhythmias by Lengthen- 
ing Repolarization. Mt. Kisco, NY: Futura Publishing, 1988;509-541. 

27. Takanaka C, Singh BN. Barium-induced non-driven action potentials as a 
model of triggered automaticity and early afterdepolarizations: differing effects of 
amiodarone and quinidine and significance of slow channel activity JACC 1989; in 
press. 

28. Binah O, Bernstein I, Gilat E. Effects of thyroid hormone on the action 
potential and membrane currents of guinea pig ventricular myocytes. Pflugers 
Arch 1987;409:214-216. 

29. Freedberg AS, Papp GJ, Vaughan Williams EM. The effects of altered 
thyroid state on atrial intracellular potentials. J Physiol (Lond) 1970,;207:357- 
368. 

30. Manouvrier J, Sagot M, Carson C, Vasklamm G, Leroy R, Reade R, Dacloux 
G. Nine cases of torsades de pointes with bepridil administration. Am Heart J 
1986;5:1005—1007. 

31. Nobel DJ, Powell T, eds. Electrophysiology of Single Cardiac Cells. London: 
Academic Press, 1987;1-247. 





he 
| American 
J purnal ; 


\Cardology! 


A Symposium: 
The Cardiac Arrhythmia 
Suppression Trial — Does It Alter 
-Our Concepts of and Approaches 
' to Ventricular Arrhythmias? 


GUEST EDITOR: 

Craig M. Pratt, MD 
Associate Professor of Medicine 
Director, Clinical Cardiology Research 

Baylor College of Medicine 
Director, Coronary Care Unit 
The Methodist Hospital 

ouston, Texas 


A YORKE MEDICAL JOURNAL/CAHNERS PUBLISHING COMPANY 





The 


JANUARY 16, 1990 VOL. 65 NO. 4 


American 
Journal 


of 
Cardiology 


A Symposium: 
The Cardiac Arrhythmia Suppression 
Trial— Does It Alter Our Concepts of and 
Approaches to Ventricular Arrhythmias? 


GUEST EDITOR: 


Craig M. Pratt, MD 
Associate Professor of Medicine 
Director, Clinical Cardiology Research 
Baylor College of Medicine 
Director, Coronary Care Unit 
The Methodist Hospital 
Houston, Texas 


This symposium was held on August 9, 1989, in The Woodlands, Texas, 
and was supported by an educational grant from Parke-Davis. 


EDITOR-IN-CHIEF 
William C. Roberts, MD 


MANAGING EDITOR, SPECIAL PROJECTS 
Judith Wagner 


THE AMERICAN JOURNAL OF CARDIOLOGY.® (ISSN 0002-9149) January 16, 1990, Vol. 65, 
No. 4 (USPS: 505-750). 


Member, American Business Press, Inc. and Audit Bureau of Circulations. Published 4 times in January, February, 
June, July, September and October, 3 times in March, April, May, August and November, and 2 times in 
December, by The Cahners Publishing Company, a Division of Reed Publishing USA, 275 Washington St., Newton, 
MA 02158-1630. Terrence M. McDermott, President; Jerry D. Neth, Vice President /Publishing Operations; J.J. 
Walsh, Financial Vice President /Magazine Division; Thomas J. Dellamaria, Vice President/Production and 
Manufacturing. 

SUBSCRIPTIONS: Solicited only from cardiologists and other physicians. Publisher reserves the right to refuse 
unqualified subscribers. Subscribers agree that no article or any part thereof published in any editions of the 
American Journal of Cardiology received under this subscription agreement may be copied, recorded or repro- 
duced in any form or by any means, electronic or mechanical, including, among other things, photocopying or the 
storing of part or all of such articles on any information retrieval system, without the written permission of the 
Publisher. Address correspondence regarding subscriptions and changes of address to: THE AMERICAN JOURNAL 
OF CARDIOLOGY, 44 Cook Street, Denver, Colorado 80206-5800 (1-800-327-9021). Please include your zip 
code and, in case of change of address, copy of old address label. Changes of address must reach the Journal one 


PUBLISHER, SPECIAL PROJECTS 
Kenton T. Finch 


PRODUCTION EDITOR 
Vicky Weisman 


PROOF EDITOR 
Mary Crowell 


month preceding month of issue. Single copy price: Regular issues $10.00; Symposium and special issues $12.00. 
Subscription rate for individuals in field of publication: United States 1 year $66, 2 years $112, 3 years $158; 
Canada and all other countries 1 year $105, 2 years $178, 3 years $252; Residents and Medical Students: United 
States 1 year $33; Canada & all other countries 1 year $85. Institutions: United States 1 year $95, 2 years $162, 3 
years $228; Canada & all other countries 1 year $125, 2 years $213, 3 years $300. Air Mail available at additional 
charge of $150 per year. The Journal is not responsible for replacing missing issues unless the Circulation 
Department is notified of nonreceipt within 3 months of issue date. 

Second class postage paid at Denver, CO, and at additional mailing office. Printed in U.S.A. Trademark™ in U.S. 
Patent Office. © Copyright 1990 by Reed Publishing USA: Saul Goldweitz, Chairman; Ronald G. Segel, President 
and Chief Executive Officer. All rights reserved. No part of this publication may be reproduced or transmitted in 
any form or by any means, electronic or mechanical, including photocopying, recording or by any information 
storage retrieval system, without permission of the copyright owner. Prices on bulk reprints of articles available on 
request. 

The Publisher assumes no liability for any material published in the Journal. All statements are the responsibility of 
the authors. 

MANUSCRIPTS: Address all manuscripts to William C. Roberts, MD, Editor-in-Chief, the American Journal of 
Cardiology, 7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland 20814. 


POSTMASTER: Send address changes to: The American Journal of Cardiology, 44 Cook Street, Denver, Colorado 80206-5800. 


Cahners Publishing Company, A Division of Reed Publishing USA © Specialized Business Magazines for Building & Construction o Manufacturing o Foodservice & Lodging o Electronics & Computers o Interior Design o Printing o 


Publishing © Industrial Research & Technology o Health Care o Entertainment. 





Publisher's Note 


The opinions expressed in this presentation are those of the panelists and are not attributable 
to the sponsor or the publisher, editor, or editorial board of The American Journal of Cardiolo- 


gy. Clinical judgment must guide each physician in weighing the benefits of treatment against 
the risk of toxicity. References made in the articles may indicate uses of drugs at dosages, for 
periods of time, and in combinations not included in the current prescribing information. 


Editor's suggestion: The symposium issues for a full year should be bound together separately from 
the regular issues. 





™ 
CONTENTS American JANUARY 16, 1990 VOL. 65 NO. 4 
Journal 


of 
Cardiology 


A SYMPOSIUM: THE CARDIAC ARRHYTHMIA SUPPRESSION 
TRIAL — DOES IT ALTER OUR CONCEPTS OF AND 
APPROACHES TO VENTRICULAR ARRHYTHMIAS? 


1B 

Introduction: The Aftermath of the CAST — 
A Reconsideration of Traditional Concepts 
Craig M. Pratt 


3B 
The AJC and Television: A Logical Marriage 
Vincent E. Friedewald, Jr. and William C. Roberts 


4B 

Sudden Arrhythmic Cardiac Death — Mechanisms, 
Resuscitation and Classification: The Seattle Perspective 
H. Leon Greene 


E a E DEN NE IEAA EE E AN Me GE A rE 
Sudden Cardiac Death: A Diversity of Causes with Focus on 
Atherosclerotic Coronary Artery Disease 

William C. Roberts 


20B 

The Cardiac Arrhythmia Suppression Trial: Background, 
Interim Results and Implications 

Craig M. Pratt and Lemuel A. Moye 


i ENNE tt ESA S ES AIE 3 POEA F EAE FANA ater ei 
A Perspective on Ventricular Arrhythmias: Patient Assessment 
for Therapy and Outcome 

Albert L. Waldo, Richard W. Henthorn, and Mark D. Carlson 


36B 

Clinical Implications of New Studies in the Treatment of 
Benign, Potentially Malignant and Malignant Ventricular 
Arrhythmias 

Jeffrey L. Anderson 





The 
American 
Journal! 


QO 
Cardiology 


Introduction: The Aftermath of the CAST — 
A Reconsideration of Traditional Concepts 


Craig M. Pratt, MD 


Trial (CAST) was to test the hypothesis that sup- 

pression of ventricular arrhythmias in survivors of 
myocardial infarction would reduce arrhythmic death 
risk.! The alarming discovery that patients in the CAST 
taking encainide and flecainide had a 3.6-fold increase in 
arrhythmic death compared with their placebo group has 
resulted in a reevaluation of our concepts regarding the 
appropriate use of antiarrhythmic drugs. It was timely 
that the results of the CAST were closely preceded by an 
article from Hine et al.? They reported on the use of 
antiarrhythmic agents in the United States, which is in- 
creasing far out of proportion to changes in the size of the 
United States population. In fact, from 1970 to 1986, 
Hine et al estimated that antiarrhythmic drug use in- 
creased from 3.8 to 11.5 million new prescriptions annu- 
ally. It is widely held by pharmaceutical companies that 
40 to 50% of these prescriptions are for the treatment of 
ventricular arrhythmias. 

While it is inevitable that attempts will be made to 
extrapolate these observations to other antiarrhythmic 
drugs and other patient populations we should be cau- 
tious. However, given the magnitude of the proarrhyth- 
mic effect of encainide and flecainide in the CAST, we 
should ponder the wisdom of these millions of prescrip- 
tions for the treatment of ventricular arrhythmias. This 
symposium provides state-of-the-art information about 
arrhythmic death presented in a cardiology journal. 
Communication of this information to internists, family 
practice physicians and general practitioners is very im- 
portant, as they are responsible for over two-thirds of the 
antiarrhythmic drug prescriptions written in this coun- 
try.” To achieve this goal, a 4-part video series summariz- 
ing the symposium has been broadcast on Lifetime Medi- 
cal Television®. 

In the CAST, both flecainide and encainide were ef- 
fective suppressors of ventricular premature complexes; 
yet they turned out to be proarrhythmic, reminding us all 
that what seems reasonable and desirable is not necessari- 
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ly good for patients. Greene begins this symposium with a 
review of the invaluable observations of sudden death 
made from years of study of the Seattle emergency medi- 
cal care system (Medic I). He documents that most of the 
patients with arrhythmic death have sustained ventricu- 
lar tachycardia or ventricular fibrillation, or both, at the 
time paramedics arrive. Those lucky enough to be resus- 
citated are usually found to have myocardial scarring and 
atherosclerotic coronary artery disease. 

Roberts reviews the pathology of arrhythmic death 
victims at necropsy. He points out that there are many 
causes of sudden death, but the focus of the article is on 
detailed observations of the pathology of the coronary 
arteries. Even in patients without a history of myocardial 
infarction, myocardial scarring is frequently seen and is 
associated with extensive, diffuse coronary atherosclero- 
sis. Roberts reminds us that clinical attention to reducing 
patients’ cardiovascular risk factors, especially the reduc- 
tion of their serum cholesterol levels, should be a produc- 
tive strategy; primary prevention should not be ignored. 

In my analysis of the CAST, I have reviewed the state 
of knowledge available before the initiation of that trial. 
A pilot study was clearly needed and therefore imple- 
mented, the Cardiac Arrhythmia Pilot Study (CAPS). 


ee sae yk 
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Craig M. Pratt, MD 
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The CAPS, a 502-patient study of survivors of myocardi- 
al infarction with ventricular premature complexes, pro- 
vided valuable information to planning the CAST. The 
reasons it failed to reveal the serious proarrhythmic ef- 
fects of encainide or flecainide are reviewed. In my dis- 
cussion of the CAST, I focus on what I consider 2 fasci- 
nating issues: (1) Why was the placebo mortality in the 
CAST so extraordinarily low (approximately one-third 
the arrhythmic death rate seen in the CAPS)? (2) Is the 
arrhythmic death excess in the encainide/flecainide 
group a new type of proarrhythmia? This arrhythmic 
death excess defies traditional concepts of proarrhyth- 
mia caused by antiarrhythmic drugs both in terms of 
the timing (an excess of arrhythmic deaths occurred 
throughout the 10-month trial) and the patient popula- 
tion (this was a population defined as “potentially lethal,” 
usually considered to have only modest proarrhythmic 
potential). These CAST results support the view that 
these arrhythmic deaths represent a new type of proar- 
rhythmia, perhaps suggesting a unique mechanism. It 
may involve the interaction of ischemia, ventricular ar- 
rhythmia, and the electrophysiologic properties of specif- 
ic antiarrhythmic drugs. There is already a foundation of 
knowledge of arrhythmic death from animal models sug- 
gesting that transient episodes of acute ischemia may 
convert “antiarrhythmic” drugs to “proarrhythmic” 
drugs. The demonstration of this phenomenon in animal 
infarct models has recently been emphasized by Ruskin.* 

Waldo reviews our methods for arrhythmia assess- 
ment and emphasizes the limitations of Holter recordings 
when used alone to estimate arrhythmic death risk in 
certain populations. He suggests that a more extensive 
noninvasive evaluation (Holter recordings, signal-aver- 
aged electrocardiograms, exercise testing and assessment 
of left ventricular function) may provide a better profile 
from which to select the patients at high risk, either for 
invasive testing or consideration for antiarrhythmic ther- 
apy. Perhaps clinical information accumulated over the 
last decade should not be forgotten: Mortality risk in 
survivors of myocardial infarction is directly related to 
degree of left ventricular dysfunction, extent of ventricu- 
lar arrhythmia, presence of myocardial ischemia and cor- 
onary anatomy. Our assessment and treatment strategies 
should encompass all these areas. 

Anderson provides a review of our present concepts 
regarding the classification of ventricular arrhythmias 
and an overview of the available antiarrhythmic agents. 
He maintains that there is good evidence for using antiar- 
rhythmic drugs in the lethal arrhythmia category. Per- 
haps the terms potentially malignant and potentially le- 
thal, which describe patients like those in the CAST 
population, should be discarded, with a substitution of 
“prognostically significant” to lessen the likelihood of a 
reflex move to unnecessary or dangerous treatment with 
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antiarrhythmic agents. Treatment algorithms for the var- 
ious arrhythmia categories are provided. 

The dramatic revelation of the CAST underscores its 
contribution to all clinicians. Previous reports on encai- 
nide and flecainide have evaluated the entire pharmaceu- 
tical databases of both drugs, in excess of 3,000 patients! 
Because of the unique design of the CAST, a patient 
population approximately one-fourth that size has re- 
vealed an enormous increase in arrhythmic death, previ- 
ously undetected and, in patients like the ones in the 
CAST, essentially unsuspected. This emphasizes the 
power of a parallel placebo group. This unique proar- 
rhythmia may represent a class action of IC agents alone, 
perhaps isolated to a specific population. We hope that 
future clinical trials will identify investigational and cur- 
rently available (IA, IB) agents that have clinical benefit 
in populations similar to the CAST. The scientifically 
alluring possibility that IC agents have a unique proar- 
rhythmic effect in the setting of acute ischemia should 
accelerate research efforts in animal models. The CAST 
affirms the necessity of, rationale for, and ethical validity 
in pursuing knowledge through randomized, placebo- 
controlled clinical trials. 

The CAST results have wide implications for the de- 
velopment of new pharmaceutical agents. The currently 
conceived antiarrhythmic guidelines provided to the 
pharmaceutical industry by the Food and Drug Adminis- 
tration require reconstruction. Also, consideration must 
be given to the degree to which current antiarrhythmic 
drug labeling needs to be revised for other marketed 
antiarrhythmic drugs. In fact, the CAST results led to a 
special session of the Cardiovascular and Renal Drugs 
Advisory Board to the Food and Drug Administration on 
October 5 and 6, 1989. The question of how far to extrap- 
olate these results is critical: Can they be applied to other 
type IC agents, to other electrophysiologic classes (IA, 
IB)? To what extent can these results be extrapolated to 
other types of patients? These questions are as important 
to clinical practice as they are to regulatory issues. 

Although the results in the encainide/flecainide group 
of CAST do not “kill” the ventricular premature complex 
suppression hypothesis, neither do they provide any reas- 
surance that this approach is worthwhile. The continua- 
tion of the CAST with additional antiarrhythmic agents 
(moricizine and possibly others) representing other elec- 
trophysiologic classes promises to provide further insight 
into the benefit of prophylactic antiarrhythmic therapy. 
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The AJC and Television: A Logical Marriage 


Vincent E. Friedewald, Jr., MD, and William C. Roberts, MD 


ology is important to the medical community, 

principally because it addresses one of the most 
important topics of our time: sudden cardiac death. In 
addition, this publication introduces a unique concept in 
which a traditional peer-review print supplement was de- 
veloped in partnership with the medium of electronic 
communications; in this instance, television. 

The Cardiac Arrhythmia Suppression Trial (CAST) 
is a landmark clinical trial in our quest to prevent sudden 
death. Therefore, the need to quickly and effectively dis- 
seminate information about the CAST to clinicians was 
critical. Numerous bulletins from the involved pharma- 
ceutical companies were mailed directly to physicians, 
warning of the unexpected adverse results of 2 of the 
drugs evaluated in the study. These bulletins and an arti- 
cle published in The New England Journal of Medicine 
provided the first level of communication about the 
CAST results. 

However, after any investigation, especially when the 
results are as dramatic and potentially far-reaching as the 
CAST, there remains the task of explaining the implica- 
tions of the study to the practicing physician. With the 
support of Parke-Davis, we determined that this goal 
could be accomplished effectively by a combination of 
print and television media. 

In August 1989, a group of the CAST investigators 
convened to discuss their study in a day-long forum. The 
entire session was videotaped and edited into four 30- 
minute programs for the “Milestones in Medicine” series 
on Lifetime Medical Television. The first of these pro- 
grams was broadcast only 3 weeks after the original pub- 
lication appeared in The New England Journal of Medi- 
cine, with subsequent programs appearing during Sep- 


a his supplement of The American Journal of Cardi- 


tember and October. Next, based on their presentations 
in the “Milestones in Medicine” television programs and 
the discussions that followed, each of these authorities 
wrote an article for this supplement. As a result, what was 
theoretically possible had become a reality: print and 
video had found a logical marriage. 

In this era of television, computers, FAX machines, 
and other marvels of modern mass communications, has 
this experience taught us any lessons about how medical 
information should be disseminated? We believe it has. 
First, the initial publication of medical research in peer- 
review journals such as The New England Journal of 
Medicine is tried and proven to be best for both the 
medical profession and for the patients we serve. Despite 
the enormous impact of electronic communications on 
modern society, any temptation to circumvent this criti- 
cal responsibility of the traditional print medium must be 
resisted. Second, the power and reach of television is so 
great that its ability to quickly and credibly disseminate 
information such as the CAST results cannot be ignored. 
And finally, print supplements are a valuable reference 
for those who desire a depth of discussion beyond the 
usual scope of video. 

We are convinced that this AJC supplement, com- 
bined with the television programs from which it was 
derived, is an important step into the future of medical 
communications. Parke-Davis, one of the pioneers in sup- 
porting professional television, and a long-time supporter 
of the traditional print medium, is to be congratulated for 
its vision in supporting this effort. We encourage more 
sponsors to utilize this and other models of modern media 
techniques in order to achieve our common goal of im- 
parting information in the most accurate and efficient 
means possible. 
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Sudden Arrhythmic Cardiac Death — 
Mechanisms, Resuscitation and Classification: 
The Seattle Perspective 


H. Leon Greene, MD 


Ventricular fibrillation (VF) is the first recorded ar- 


rhythmia in 75% of patients who have a sudden 
cardiovascular collapse. Rarely (1%) does sus- 
tained ventricular tachycardia (VT) alone cause col- 
lapse and unconsciousness. Whether all VF begins 
as VT is unknown. 

Early application of cardiopulmonary resuscita- 
tion and rapid defibrillation are essential to ensure 
survival and satisfactory neurologic recovery. Dur- 
ing the last 2 years in Seattle, the initial resuscita- 
tion rate for VF was 269 of 447 patients (60%), 
with 114 of 447 patients (26%) surviving long- 
term. Survivors of VF have a high overall risk of re- 
current VF, with many univariate risk factors iden- 
tified: evidence of poor left ventricular function (his- 
tory of congestive heart failure, prior myocardial 
infarction [MI] or low ejection fraction), extensive 
coronary artery disease, absence of a new MI (ei- 
ther Q wave or non-Q wave) with VF, male gender, 
advanced age, complex or high-frequency ventricu- 
lar ectopy on Holter recording, inducibility at elec- 
trophysiologic study, exercise-induced angina or 
hypotension, and smoking. 

Classification of cardiac deaths as arrhythmic or 
nonarrhythmic is important in interpreting the ther- 
apeutic response. However, because many patients 
have chronic symptoms, timing of the onset of a 
new event is difficult. Furthermore, accurate timing 
of an event does not guarantee correct classifica- 
tion. Sudden death is not necessarily arrhythmic, 
nor is all arrhythmic death sudden. Total cardiac 
mortality may be a simpler and more relevant end 
point to measure the overall effect of antiarrhyth- 
mic therapy. 

(Am J Cardiol 1990;65:4B-12B) 
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major medical problem for which no solution has 

been found. Extensive resources and research have 
been directed toward identifying the causes of and treat- 
ments for this disorder. The ideal solution would be to 
prevent the diseases that cause the initial episode of cardi- 
ac arrest. Modest success has been obtained in resuscitat- 
ing the victim after the first event, and major attention 
has been directed to evaluation and treatment of the 
survivor of an episode of out-of-hospital ventricular fibril- 
lation (VF). It has been estimated that 200,000 to 
600,000 persons in the United States succumb annually 
to a cardiac arrest,!? although recent reports indicate 
that the death rates from coronary heart disease appear 
to be gradually decreasing.*-> Nevertheless, the problem 
of sudden arrhythmic cardiac death continues to have an 
enormous medical, economic and emotional impact in 
this country. This review will highlight some of the les- 
sons learned from the experience in Seattle with resusci- 
tation and evaluation of patients with aborted sudden 
cardiac death, and will discuss some of the problems of 
defining and classifying these events. 


S udden arrhythmic cardiac death continues to be a 


MECHANISMS AND ARRHYTHMIAS 
RESPONSIBLE FOR SUDDEN 
CARDIAC DEATH 

Extensive epidemiologic data are available on patients 
who have an episode of cardiac arrest. '!? The typical 
Seattle patient is outlined in Table I. Most patients with 
coronary artery disease do not have an acute myocardial 
infarction (MI) during an episode of VF. Whereas 38% of 
patients will have evidence of myocardial necrosis by 
cardiac enzymes, in only 19% will Q waves compatible 
with a transmural MI develop.®*:!? Although an occa- 
sional patient will have hypokalemia, it is usually mild, 
and in very few patients is it likely to contribute substan- 
tially to the arrhythmia itself.!° 

The rhythm identified early in the course of sudden 
arrhythmic cardiac death is VF in 75%, asystole in 20% 
and electromechanical dissociation in 5%.!%!4 The fre- 
quency of asystole is usually directly proportional to the 
interval from collapse to first monitoring of the cardiac 
rhythm; a longer duration of collapse before monitoring is 
more likely to be associated with a “flat line.” ®!° Surviv- 
al is directly related to the initial recorded rhythm (Table 
II). Whereas 25% of patients in Seattle survived long- 
term after a cardiac arrest in which VF was the first 
observed rhythm, only 1% of patients who were found 





TABLE I Typical Survivor of Ventricular Fibrillation in Seattle 


Male 
Age (years) 
Coronary artery disease 
History of cardiovascular disease 
Angina 
Congestive heart failure 
Prior myocardial infarction 
Hypertension 
Not taking antiarrhythmic drugs 
Not exercising 
No distinctive warning symptoms 
No acute Q-wave myocardial infarction 


Reproduced with permission from Mod Med.!! 


with asystolic rhythm were long-term survivors, com- 
pared with 6% of patients with electromechanical disso- 
ciation.'* Sustained ventricular tachycardia (VT) is sel- 
dom the first recorded rhythm in a patient who has expe- 
rienced a clinical cardiac arrest, accounting for only 1% 
of all cardiac arrests in Seattle.'> It is possible, however, 
that a cardiac arrest begins as a brief run of VT that 
rapidly degenerates to VF, leaving the patient with few or 
no premonitory symptoms or signs to suggest that the 
initial rhythm had been VT. If VF persists long enough 
the voltage may decrease, so that the first recorded 
rhythm appears to be asystole. In contrast, cases of VF 
spontaneously converting to asystole with a rare idioven- 
tricular escape beat have been reported.!4 

Extensive use of Holter ambulatory electrocardio- 
graphic recording over the past few years has allowed the 
cardiac rhythm to be observed in many patients who have 
had a cardiac arrest while wearing these devices.!®?! 
However, a patient wearing a Holter recorder is frequent- 
ly taking an antiarrhythmic drug, and the effects of such 
drugs must be considered when evaluating Holter record- 
ings of patients who collapse. Likewise, patients who wear 
Holter recorders probably will have had symptoms that 
prompted the application of the recorder, and these pa- 
tients may be selected from a different population than 
the average patient who has a sudden cardiac death with- 
out premonitory symptoms. 

Nikolic et al!® reported 6 cases of sudden cardiac 
death during which Holter recordings were available. 
Five of the 6 patients had VT and VF, and only 1 had a 
bradyarrhythmia. Three of these patients were taking 
antiarrhythmic medications at the time of their cardiac 
arrest (2 quinidine and 1 mexiletine). They reviewed an 
additional 15 cases from published reports and concluded 
that extensive myocardial disease was a common denomi- 
nator for all cases. Most patients also had complex ven- 
tricular ectopy. Nine of 21 patients were taking an antiar- 
rhythmic drug other than digitalis or propranolol. 

Pratt et al!’ reported 15 patients with VF recorded 
during Holter monitoring. In all patients, VT initiated the 
VF, and the runs of VT were usually long and rapid. It is 
unclear how many of these patients were hospitalized. 
Twelve patients were taking digitalis and 5 were taking 
quinidine. Other factors that may have contributed to the 
arrhythmia were coronary artery disease, left ventricular 


TABLE Il Cardiac Arrest in Seattle (1971-1987): Long-Term 
Survival Rates 


Number of Patients 
Initial 


Recorded 
Rhythm 


Long-Term 
Survival 


Ventricular 
fibrillation 
Asystole 
Electromechanical 
dissociation 
Total 5,199 (100%) 


Adapted from Ann Emerg Med.!4 


3,893 (75%) 977 (25%) 


1,059 (20%) 
247 (5%) 


13 (1%) 
15 (6%) 


1,005 (19%) 


dysfunction and left ventricular hypertrophy. No ST- 
segment changes were present to implicate ischemia as a 
causative factor. Similar findings have been noted by 
Panidis and Morganroth.!® 

Milner et al reported 13 patients who had an in- 
hospital cardiac arrest during Holter electrocardiograph- 
ic recording. All of these patients had previously experi- 
enced an episode of cardiac arrest or syncope. The investi- 
gators identified VT as the initiating event in 12 patients. 
One patient had bradycardia followed by VF. In this 
study, the VT degenerated to VF after a mean duration of 
96 seconds. The initial VT rate was quite rapid, averaging 
over 200 beats/min. However, 10 of 13 patients were 
taking antiarrhythmic medications at the time of the 
cardiac arrest, distinctly different from the typical patient 
with out-of-hospital VF. 

Most recently, 157 cases of fatal cardiac arrest that 
occurred while patients were wearing Holter recorders 
have been summarized by de Luna et al.?! Primary VF 
was seen in 8%, VT degenerating to VF in 62%, and 
torsade de pointes in 13%. Bradycardias were the primary 
arrhythmia in only 17% of all cases. Antiarrhythmic drug 
use was common in these patients. Fifty-one percent of 
patients with VT, 69% with torsade, and 29% with brady- 
cardia as the recorded terminal arrhythmia were taking 
antiarrhythmic drugs. The percentage of patients who 
were hospitalized at the time of the fatal arrhythmia is 
not clear. 

Patients who sustain a cardiac arrest while wearing a 
Holter recorder may not be representative of the typical 
population of patients with VF. Frequently, such patients 
are taking antiarrhythmic drugs, have had prior symp- 
toms, and are hospitalized and seriously ill with coexist- 
ing cardiac and noncardiac diseases. The recent findings 
of the Cardiac Arrhythmia Suppression Trial (CAST) 
suggest that some of these fatal events recorded on Holter 
monitoring may have been caused by the antiarrhythmic 
drugs themselves.?? 


ORGANIZATION OF SEATTLE’S 
EMERGENCY MEDICAL CARE SYSTEM 

The emergency medical care system in Seattle, known 
locally as Medic I, is a tiered response system.7?-’ It is 
organized so that accessing the emergency care system 
via a 911 telephone call will initiate a response from 
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1983 
N 227 284 310 285 287 317 295 319 290 284 343 273 240 226 272 227 220 


FIGURE 1. Success of resuscitation 
from out-of-hospital ventricular fi- 
brillation (VF) in Seattle between 
1971 and 1987. Recent overall 
success, defined as discharge from 
hospital neurologically intact, is 
26%. N = number of cases of VF 
each year. 


1985 1987 











TABLE ili Neurologic Outcomes of Cardiac Arrest 


With No 
Bystander Bystander 
CPR CPR 

(n = 36) (n = 82) 


Purposeful activity at 18/36 (50%) 5/82 (6%) 
admission 

Conscious by 24 hours 22/36 (61%) 

Confused at discharge 1/27 (4%) 

Vegetative state at 0 


discharge 


7 /82 (9%) 
18/38 (47%) 
3/38 (8%) 


CPR = cardiopulmonary resuscitation. 
Reproduced with permission from Ann NY Acad Sci.” 


personnel at the nearest available fire station, who will 


arrive by either a fire truck or an ambulance. The initial 
responders are emergency medical technicians trained in 
basic first aid and cardiopulmonary resuscitation (CPR). 
The average response time for this initial aid is 2.6 + 1.7 
minutes.”° As soon as it is recognized that a serious cardi- 
ac emergency has occurred, often at the time of the initial 
911 call, a more advanced paramedic unit is simulta- 
neously dispatched to the scene. These paramedics have 
received over 1,600 hours of training, and are skillful in 
advanced life support, including endotracheal intubation, 
CPR, arrhythmia monitoring and treatment, defibrilla- 
tion, and administration of cardiac drugs. When neces- 
sary, communication with a physician is available 
through a 2-way radio or by telephone. The average re- 
sponse time of the paramedic units is 6.0 + 2.9 minutes.”* 
Most patients who are successfully resuscitated are stabi- 
lized in the field, and it is uncommon for CPR to be 
ongoing while on route to the hospital. 

Each year in Seattle, 200 to 300 persons have unex- 
pected cardiovascular collapse and VF when found by the 
paramedics (Fig. 1).!4 A city-wide education program 
has resulted in more than 200,000 Seattle citizens being 
trained in the administration of CPR.® By 1980, 40% of 
resuscitations of cardiac arrest victims had been initiated 
by bystanders. Approximately 25,000 persons are trained 
in CPR annually.? With bystander-initiated CPR, first 
response of the emergency medical technicians in 2.9 
minutes, and response of the paramedics in 6.0 minutes, 
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the initial resuscitation rate is approximately 60% (133 of 
220 for 1987). Patients who receive bystander CPR are 
more likely to have a good outcome, with 43% of patients 
surviving, compared with 21% of patients who do not 
receive this initial emergency measure. Likewise, the neu- 
rologic course after resuscitation is improved in those 
patients who receive bystander CPR (Table III). 

On arrival of the first responding aid unit to victims of 
sudden collapse, the initial rhythm is usually VF. Early 
treatment of VF, most recently with automatic exter- 
nal defibrillators, has yielded an improved resuscitation 
rate.'529 Factors related to improved outcome are (1) a 
witnessed collapse, (2) a younger age, (3) higher ampli- 
tude VF, (4) a shorter response time for paramedics, and 
(5) initial treatment with the automatic external defibril- 
lator.'> Both the interval from collapse to onset of CPR 
and the duration of CPR necessary before the first exter- 
nal shock is administered are important (Fig. 2, Table 
[V).!4:39.31 Table IV also relates survival to the time from 
collapse to initiation of CPR and survival to the minutes 
of CPR before the first shock. Survival is best when CPR 
is initiated <3 minutes from collapse and when <6 min- 
utes of CPR elapse before the first shock. Many patients 
are actually beginning to awaken, and some are even alert 
and oriented, at the time of admission to the hospital, 
some minutes after their cardiac arrest. In the Seattle 
experience, 81% of patients who received bystander CPR 
eventually regained consciousness, compared with 52% of 
patients who did not receive bystander CPR (p <0.004). 
The improvement in hospital survival appears to be relat- 
ed to both a reduction in the incidence of cardiogenic 
shock (26 vs 8% with bystander CPR) and anoxic coma 
(22 vs 11% with bystander CPR).!4242>,28303! In all, 
approximately 25% of the patients who are found to have 
VF will be discharged from the hospital alive and well. 

In another population of patients from Seattle, a trial 
of high- and low-energy defibrillation was performed to 
detect any differences in overall outcome.’ Both energy 
levels of defibrillation were equally successful in produc- 
ing an organized rhythm after 1 or 2 shocks. Repeated 
shocks at the high energy level produced atrioventricular 
block in more patients (24% receiving 320 J vs 9% receiv- 
ing 175 J, p <0.005). Initial 175-J shocks were thus as 
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FIGURE 2. Mortality from cardiac arrest related to (1) time from collapse to onset of cardiopulmonary resuscitation (CPR) and 
(2) duration of CPR. Probability of death increases as both variables increase. (Reproduced with permission from Ann Emerg 


Med. !*) 


safe and effective as higher energy shocks. Patients who 
survived hospitalization required fewer shocks than pa- 
tients who succumbed during their hospital admission. 
Nearly 50% of patients who required only 1 shock were 
successfully resuscitated and ultimately discharged from 
the hospital, compared with <15% of patients who re- 
quired =8 shocks to establish an organized rhythm. 


LABORATORY FINDINGS AND RISK 
FACTORS FOR RECURRENT 
VENTRICULAR FIBRILLATION 

Early studies from Seattle documented the high long- 
term subsequent mortality rate in patients who had been 
resuscitated from V F.68-10.32 At the end of 1 year, 26% of 
patients had died, and at the end of 2 years, 38%. The 
presence of an acute Q-wave (transmural) MI developing 
at the time of the VF seemed to be protective against 
future events. In patients with new Q waves, the 1-year 
mortality was 0% and the 2-year mortality was 14%. In 
patients without new Q waves, 1-year mortality was 32% 
and 2-year mortality was 43% (Fig. 3). These findings 
support the concept of “primary” VF, in which the epi- 
sode of cardiac arrest is not associated with a new Q-wave 


TABLE IV Survival from Out-of-Hospital Ventricular Fibrillation 


Minutes 
from 
Collapse 
to CPR 


23 (70%) 
42 (39%) 
65/141 (46%) 


CPR = cardiopulmonary resuscitation. S 
Reproduced with permission from Ann Emerg Med.!# 


20 (44%) 
13 (31%) 
33/87 (38%) 


MI and for which the subsequent mortality is high, par- 
ticularly the mortality from recurrent cardiac arrest. Pa- 
tients who had enzymatic evidence of myocardial necrosis 
were at a lower risk than patients without enzyme eleva- 
tions (Fig. 4). The mortality for patients with enzymatic 
evidence of myocardial necrosis was 14% at 1 year and 
25% at 2 years, compared with patients without myocar- 
dial necrosis, in whom the mortality rate was 30% at 1 
year and 47% at 2 years. Myocardial damage before the 
episode of VF, as evidenced by a history of a previous MI 
or a history of congestive heart failure, was also predictive 
of recurrent VF in follow-up. Other factors that are uni- 
variate predictors of recurrent cardiac arrest include evi- 
dence of abnormal left ventricular function, extensive 
coronary artery disease,** complex or high-frequency 
ventricular ectopy on Holter recordings,*> advanced 
age,*° male gender,*? exercise-provoked angina pectoris 
or hypotension (Table V),°’ and inducibility at electro- 
physiologic study.**-* 

The mortality after resuscitation from VF is directly 
related to cardiovascular causes.!° In 234 Seattle patients 
followed after resuscitation, 89 deaths occurred, 64 
(72%) of which were sudden arrhythmic cardiac deaths. 


Minutes of CPR to First Shock 


>12 


1 (7%) 
2 (22%) 
3/23 (13%) 


44/92 (48%) 
57/159 (36%) 
101/251 (40%) 
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FIGURE 3. Long-term survival after 
ventricular fibrillation (VF); relation 
to Q-wave myocardial infarction 
(Mi) at the time of VF. The develop- 
ment of such an infarction at the 
time of VF is a good prognostic sign 
for subsequent survival. X-mural MI 
= transmural (Q wave) myocardial 
infarction at the time of VF; ECG = 
electrocardiogram. (Reproduced 
with permission from Circula- 
tion.) 
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FIGURE 4. Long-term survival after 
ventricular fibrillation; relation to 
enzymatic evidence for myocardial 
damage. The elevation of myocardi- 
al enzymes is a good prognostic 
sign for subsequent survival. (Re- 
produced with permission from Cir- 
culation.*”) 





The median time to recurrent cardiac arrest was 20 weeks 
from the original episode. These subsequent episodes of 
VF frequently were unheralded. Symptoms were infre- 
quent, and patients were generally not exercising at the 
time of their recurrent episode of VF. Since these initial 
observations, cigarette smoking has emerged as another 
risk factor for recurrent cardiac arrest.*4 Cessation of 
smoking correlated with an improved survival rate. Re- 
current cardiac arrests occurred in 19% of patients who 
had quit smoking, compared with 27% of patients at 3 
years who had continued to smoke. 
Electrocardiographic evaluation of survivors of out- 
of-hospital VF has shown that 30% of survivors have 


TABLE V Univariate Predictors of Recurrent Cardiac Arrest 
in Resuscitated Survivors of Ventricular Fibrillation 


Abnormal left ventricular function (low ejection fraction)® 32.38 
Remote myocardial infarction 
History of congestive heart failure 
Extensive coronary artery disease** 
No new Q-wave myocardial infarction with the VF&32 
Male gender? 
Advanced age*® 
Exercise-induced angina or hypotension?’ 
Complex ectopy on Holter monitoring? 
inducibility at electrophysiologic study3843 
Smoking” 


VF = ventricular fibrillation 
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ventricular premature depolarizations on routine electro- 
cardiograms, compared with only 13% of ambulatory 
post-MI patients (p <0.01).* In addition, survivors of 
VF have more ST-segment abnormalities and QT prolon- 
gation than the control group. However, these electrocar- 
diographic abnormalities are neither sensitive nor specific 
enough to identify patients at high risk of recurrent 
events. Although 24-hour Holter ambulatory recordings 
identified patients at risk of recurrent VF, ventricular 
premature depolarizations were frequent, occurring in 
90% of patients.*> Complex ventricular ectopic activity 
occurred more frequently in patients who had a subse- 
quent event than in patients who remained free of recur- 
rent arrhythmias (56 vs 28%, p <0.005, specificity 72%, 
relative risk 2.3). However, only 67 of 144 patients (47%) 
in this study were not treated with an antiarrhythmic 
drug in long-term follow-up. 

Although most episodes of VF do not occur with 
strenuous exertion, cardiac arrest occasionally may be 
precipitated by physical activity.*4+*° Although difficult 
to quantify, exercise appears to be an additional risk in 
the patient prone to ventricular arrhythmias. In 1 study,*’ 
90 patients who had previously been resuscitated from a 
cardiac arrest (only 27% had experienced their prior VF 
in relation to physical activity) performed exercise tests. 
Paradoxically, more patients who experienced spontane- 
ous VF at rest developed exertion-related arrhythmias on 
the treadmill than patients who had VF during exertion 





(52 vs 26%, p <0.05). However, development of angina or 
inability to elevate the blood pressure with exercise pre- 
dicted subsequent spontaneous cardiac arrest. Mortality 
at 2 and 4 years was 54 and 69%, respectively, in the 
patients with a treadmill test result positive for angina or 
exertion-related hypotension, compared with 26 and 42% 
in patients without this response. Thus, most patients in 
whom out-of-hospital cardiac arrest develops have not 
had their arrhythmia provoked by exertion, and the exer- 
cise test is a relatively poor technique for exposing ven- 
tricular electrical instability. 

The degree of left ventricular dysfunction is the most 
powerful predictor of subsequent outcome in survivors of 
cardiac arrest.) Radionuclide ventriculography was 
performed to evaluate 154 survivors of out-of-hospital VF 
in Seattle. The mean left ventricular ejection fraction at 
rest was 0.40 + 0.16. The response to exercise was even 
more abnormal, with only 3% of patients (3 of 91) able to 
increase their ejection fraction during exercise. During 
follow-up, 54 patients died, 42 suddenly. The most power- 
ful predictor of outcome was the ejection fraction at rest, 
followed by arrhythmias on ambulatory Holter record- 
ing, history of congestive heart failure, and absence of a 
new Q-wave MI at the time of VF. Similarly, when 64 
Seattle patients with coronary artery disease were evalu- 
ated with coronary angiography and left ventriculog- 
raphy, recurrent VF was more frequent in the group with 
3-vessel disease, lower ejection fraction, and more severe 
abnormalities of regional left ventricular wall motion.*4 

Multivariate analysis of patients surviving cardiac ar- 
rest has identified 4 major factors that contribute to re- 
currence of cardiac arrest: (1) history of congestive heart 


failure, (2) history of prior MI before the episode of VF, 
(3) absence of an acute Q-wave MI at the time of VF, and 
(4) male gender. Accurate prognostic indexes can be 
constructed from knowledge of these basic data alone.?? 


PATIENTS WITH VENTRICULAR 
FIBRILLATION VERSUS THOSE 
WITH RECURRENT SUSTAINED 
VENTRICULAR TACHYCARDIA 

The electrophysiologic substrate for ventricular ar- 
rhythmias may be different in patients with VF compared 
to those with recurrent sustained VT. Most reports deal- 
ing with “malignant” ventricular arrhythmias primarily 
report patients who have had recurrent sustained VT. We 
have evaluated these 2 patient groups separately. 

The signal-averaged electrocardiogram has been used 
as a noninvasive technique for identifying patients who 
are at risk of developing sustained VT or VF before the 
initial episode as well as those at risk for recurrent epi- 
sodes. We evaluated 46 patients with documented VF 
and 25 patients with recurrent sustained VT (Table VI). 
Electrocardiographic late potentials occurred more often 
in patients with recurrent sustained VT (83%) than in 
patients with VF (50%, p <0.005). Late potentials, which 
are thought to arise in or near scarred areas of myocardi- 
um and may correlate with areas of delayed conduction, 
are more likely to be seen in patients with ventricular 
aneurysms, extensive ventricular scarring, frequent re- 


TABLE VI Signal-Averaged Electrocardiographic Late 
Potentials 


% Late 


T40 (uV) Potentials 


Ventricular tachycardia 25 1648 83% (21 /25) 
Ventricular fibrillation 46 26415 50% (23/46) 


p <0.005 <0.005 


T40 = signal magnitude (root mean square) in terminal 40 ms of QRS. 


TABLE VII Differences Between Patients with Sustained 
Ventricular Tachycardia and Ventricular Fibrillation 


VT VF 
(n = 35) (n = 66) p 


60+ 12 NS 
82% NS 
36/49 (73%) <0.01 


64+ 11 
91% 
30/31 (97%) 


Age (year) 

Male gender 

Prior myocardial 
infarction 

Ejection fraction 

Left ventricular 
aneurysm 


<0.05 
<0.005 


0.41 + 0.17 
14/46 (30%) 


0.36 + 0.11 
19/29 (66%) 


NS = not significant; VF = ventricular fibrillation; VT = ventricular tachycardia. 
Reproduced with permission from JACC.*% 


mote MIs and low ejection fractions. Patients with exten- 
sive ventricular scarring may have a more stable VT 
reentrant circuit, allowing maintenance of a slow, mor- 
phologically uniform VT that is reasonably well tolerat- 
ed. In contrast, patients with no late potentials may lack 
the established reentrant circuits and their ventricular 
arrhythmias may be more chaotic and rapid. 

We also evaluated these 2 patient groups by invasive 
electrophysiologic testing and correlated the results of 
these tests with clinical, angiographic and electrocardio- 
graphic findings.*’ We evaluated 66 survivors of out-of- 
hospital cardiac arrest and 35 patients with hemodynami- 
cally well-tolerated sustained VT. The patients with re- 
current sustained VT had a higher incidence of previous 
MI and left ventricular aneurysm and a lower ejection 
fraction than survivors of VF (Table VII). Electrophysio- 
logic testing showed a slower, hemodynamically well- 
tolerated, monomorphic VT induced in patients with re- 
current sustained VT. In contrast, patients with a history 
of VF were more frequently noninducible; but the ar- 
rhythmias, when induced, were more rapid, polymorphic, 
and more frequently degenerated to VF than arrhyth- 
mias induced in patients with recurrent sustained VT 
(Table VIII). 

Inducibility of sustained ventricular arrhythmias with 
programmed electrophysiologic pacing techniques is less 
common in survivors of VF than in patients with recur- 
rent sustained VT.3-43:48 In our large cooperative study 
of 241 survivors of out-of-hospital VF from the Universi- 
ty of Washington, University of Oregon and Stanford 
University, only 44% of VF patients had an inducible 
ventricular arrhythmia. At baseline drug-free electro- 
physiologic testing, VF was the only inducible arrhyth- 
mia in 39 patients (16%), sustained VT was inducible in 
66 patients (27%), and no sustained arrhythmia was in- 
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TABLE VIII Electrophysiologic Differences Between Patients 
with Sustained Ventricular Tachycardia and Ventricular 


Fibrillation 


Arrhythmia induced 


None 
NSVT 
VT 
VF 


VT 
(n = 32) 


6 (19%) 
3 (9%) 
22 (69%) 
1 (3%) 


VF 
(n = 59) 


15 (25%) 
11 (19%) 
18 (30%) 
15 (25%) 


VT morphology 
Monomorphic 
Polymorphic 

VT cycle length (ms) 

Termination 
Pacing 16 (70%) 13 (40%) 

DC cardioversion 7 (30%) 20 (60%) 
DC = direct current; NSVT = nonsustained ventricular tachycardia; VF = ventricular 


fibrillation; VT = ventricular tachycardia. 
Reproduced with permission from JACC.*8 


22 (85%) 
4 (15%) 
300 + 64 


15 (34%) 
29 (66%) 
259 + 47 


ducible in 136 patients. Although VF is often considered 
to be a nonspecific finding at electrophysiologic testing, it 
may be important in patients in whom the clinical ar- 
rhythmia is VF. Recurrence of VF at follow-up was pre- 
dicted by inducible VF at the time of the baseline drug- 
free study, suggesting that inducible VF in this specific 
patient population is a relevant finding. 

The surgical outcome of patients with recurrent sus- 
tained VT also is different from the outcome in patients 
with a history of VF (Fig. 5).4? The 2-year mortality is 
18% in patients with a history of VT, 14% with a history 
of VF, and 30% with a history of both arrhythmias. 


REFINING THE DEFINITION AND 
CLASSIFICATION OF CARDIAC DEATH 
Observations on the results of therapy in patients with 
a history of VF may be influenced by the classification of 
subsequent events. The ultimate goal of antiarrhythmic 
drug therapy, arrhythmia surgery and device therapy is 
to prevent recurrent episodes of cardiac arrest caused by 
arrhythmias. Whereas these therapies would not be ex- 
pected to alter mortality from other causes, such as can- 
cer, these other causes of death generally are easy to 











Percent Survival 








Year 
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identify. In contrast, it is frequently difficult, if not impos- 
sible, to separate arrhythmic from nonarrhythmic causes 
of cardiac death. The patient with cardiovascular disease 
frequently has chronic symptoms, and it is often difficult 
to tell if the patient’s death was simply the result of 
gradual progression of these symptoms as the cardiac 
disease process itself worsens, or if an event occurred that 
could reasonably have been prevented by an effective 
antiarrhythmic therapy, whether it be drug, surgery or 
device. 

Many studies have attempted to classify deaths pri- 
marily by timing.*°-° It is common to classify deaths as 
“sudden” or “nonsudden” strictly on the basis of the 
timing of symptoms in relation to loss of consciousness. A 
patient who dies within 1 hour of the onset of new symp- 
toms is often assumed to have had an arrhythmic death. 
It is quite possible, however, that patients could die within 
1 hour from recurrent MI and cardiogenic shock without 
arrhythmia, from cardiac rupture, pulmonary emboli, or 
a number of other causes that could evolve quite rapidly. 
Conversely, some patients may have a relatively slow 
progression of symptoms, lasting more than 1 hour, but in 
which the terminal event is an arrhythmia. An example 
would be a patient who has a small recurrent MI, devel- 
ops chest pain, and 2 hours later has an episode of VF, an 
electrical event that might have been prevented by an 
effective antiarrhythmic therapy. 

All classification schemes to analyze cardiac deaths 
are cumbersome. Some investigators have used the term 
instantaneous death as the purest form of probable ar- 
rhythmic etiology, defining events that occur <5 minutes 
from the onset of symptoms.*° Even with this restricted 
definition, patients could die from other causes within this 
very short time frame without an arrhythmia being a 
major contributor to the mechanism of death. A 1-hour 
criterion is less restrictive,’ although other time-based 
definitions have been used to identify an arrhythmic etiol- 
ogy. In the Cardiac Arrhythmia Pilot Study (CAPS), the 
temporal association of symptoms with time of death 
resulted in a classification error rate of 27%.°' In the 
CAPS, 3 arrhythmic deaths had a duration of symptoms 
lasting >1 hour, and 9 nonarrhythmic deaths occurred 
<1 hour from the onset of symptoms to death. Thus, 12 of 


FIGURE 5. Long-term survival after surgical 
therapy for patients with ventricular fibrilla- 
tion (VF), ventricular tachycardia (VT), or 
both arrhythmias. Patients with a history of 
both recurrent sustained VT and VF have the 
worst prognosis. 











45 patients would have been misclassified using only a 
time-based definition, when the standard was the Events 
Committee review of all of the available data surrounding 
the deaths. Classification of a cardiac death as sudden or 
nonsudden using this 1-hour definition is therefore not 
equivalent to the classification of arrhythmic and nonar- 
rhythmic. Similar difficulties have arisen in other large 
multicenter trials.°°->2>4 The classification of Hinkle and 
Thaler” is not as time-dependent as some of the other 
classification schemes, but it also is cumbersome. Using a 
strictly time-based definition, 23% of patients in their 
study would have been misclassified. Four of their non- 
arrhythmic deaths occurred in <1 hour, and 29 arrhyth- 
mic deaths were associated with symptoms lasting >1 
hour. 

Assessment of the mechanism of cardiac death re- 
quires that death caused by irreversible myocardial pump 
dysfunction be distinguished from death caused primarily 
by an electrical event. Although patients with end-stage 
congestive heart failure often have a terminal arrhyth- 
mia, they would not survive even if the arrhythmia could 
be prevented or terminated. Thus, classification of the 
cause of death as arrhythmic implies that the patient 
would have survived had the arrhythmia not occurred. 
However, “survived” implies a time frame. The CAPS 
Events Committee ultimately decided on an arbitrary 
criterion that the patient must have been able to survive 
for 4 months had the arrhythmia not occurred.®! This 
definition, of course, is highly subjective and dependent 
on estimates from the investigator. Furthermore, it does 
not include any assessment of quality of life, which would 
be useful for a practical definition of arrhythmic death. 
Nevertheless, it is a functional classification that may 
have some utility. Therapy that will prolong life for only a 
few days or weeks may not be reasonable to administer. 
The physician must remember that it is never possible to 
“save a life” but only to postpone the moment of death. 
Further deliberations by the CAST Events Committee 
led to the creation of a relatively simple form that was 
completed by the principal investigator, the results of 
which agreed with the extensive Events Committee re- 
view of causes of death in 85% of cases. 

In reality, the most important determination is the 
classification of death as either cardiac or noncardiac. 
For example, if an antiarrhythmic drug prevents an ar- 
rhythmic death but promotes a death from congestive 
heart failure, that drug should not be considered effective. 
Not only will such a drug hasten the patient’s death, but it 
may also erode the quality of life. The primary end point 
for trials of antiarrhythmic therapy probably should be 
total cardiac mortality, because it is simpler to assess and 
would provide a means to evaluate additional cardiac 
effects of the therapy. Nevertheless, most investigators 
have continued to try to assess only the antiarrhythmic 
effects of therapy, because a larger sample size is neces- 
sary to detect a difference between active treatment and 
placebo (or between 2 treatments) if total cardiac mortal- 
ity is used as the primary end point. Until more accurate 
measures of the etiology and mechanism of cardiac death 
are established, until therapies become more effective 
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and have fewer adverse effects, and until larger and long- 
er-term studies are undertaken, it will be necessary to 
continue to subclassify cardiac deaths as arrhythmic and 
nonarrhythmic. 
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Sudden Cardiac Death: A Diversity of 
Causes with Focus on Atherosclerotic 
Coronary Artery Disease 


William C. Roberts, MD 


There are many causes of sudden cardiac death, 
and the younger the patient the more diverse the 
cause. Among persons dying suddenly in the West- 
ern World atherosclerotic coronary artery disease 
is the most common. This group might best be 
called atherosclerotic sudden coronary death. This 
article summarizes a previously published necropsy 
study by Warnes and Roberts of 70 victims aged 
22 to 81 years (mean 50) of sudden coronary 
death. 

Of 3,484 five-mm coronary segments examined 
(mean 50 per patient) from the 4 major (left main, 
left anterior descending, left circumflex and right) 
coronary arteries, 950 (27%) were narrowed 76 to 
100% in cross-sectional area by plaque; 1,127 
(32%), 51 to 75%; 689 (20%), 26 to 50%, and 
718 (21%), 0 to 25%. More extensive severe nar- 
rowing occurred in the proximal compared with the 
distal halves to the left anterior descending, left cir- 
cumflex and right coronary arteries. Comparison 
between the 31 previously symptomatic victims (ei- 
ther angina pectoris and/or a clinical acute myocar- 
dial infarction) to the 39 victims who had previous- 
ly been asymptomatic disclosed a significantly 
higher mean percent of severely (76 to 100% in 
cross-sectional area) narrowed 5-mm segments (30 
vs 25% [p <0.0051]) and a lower mean percent of 
minimally (0 to 25%) narrowed segments in the 
symptomatic group (15 vs 25%, p <0.001). Thus, 
the major coronary arteries at necropsy in victims 
of sudden coronary death are diffusely involved by 
atherosclerotic plaque and in nearly one-third of 
the lengths of the major arteries the lumens are 
narrowed >75% in cross-sectional area by plaque. 
The average amount of severe (>75%) narrowing 
is similar in the age groups 31 to 40 years, 41 to 
50, 51 to 60, and 61 to 70 years. 

(Am J Cardiol 1990;65:13B-19B) 
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medical persons for nearly 450 years. It has many 

definitions. Sudden death might be a game played 
to break a tie or the extra minutes of play added to a tied 
game, the winning team being the first team to score. In 
medicine, sudden death generally denotes death which is 
nonviolent or nontraumatic, which is unexpected, which 
is witnessed and which is instantaneous or occurs within a 
few minutes of an abrupt change in previous clinical state. 
In heart disease the word “cardiac” is usually placed 
between the words “sudden” and “death,” and the phrase 
“sudden cardiac death” usually is applied to persons dy- 
ing suddenly from atherosclerotic coronary artery dis- 
ease.! Necropsy studies of persons dying suddenly from 
cardiac disease, however, disclose many causes of sudden 
cardiac death, and, therefore, greater specificity is re- 
quired in terms to prevent confusion (Fig. 1). Of persons 
dying suddenly from cardiovascular disease, the cause 
may be cardiac or noncardiac. The cardiac causes can be 
subdivided into coronary and noncoronary. Of the coro- 
nary causes, atherosclerosis is, of course, by far the most 
common and the term atherosclerotic sudden coronary 
death may be applied to them.*-!° In young persons par- 
ticularly, several nonatherosclerotic coronary conditions, 
mainly coronary anomalies, cause sudden death.!!-!3 Of 
the cardiac, but noncoronary, causes of sudden death, the 
most common are cardiomyopathy,'*!> particularly hy- 
pertrophic cardiomyopathy,'®!’ and valvular heart dis- 
ease, most often the conditions causing left ventricular 
outflow obstruction, !8-?3 sometimes associated with pros- 
thetic or bioprosthetic heart valves.24 Also, there are non- 
cardiac but vascular causes of sudden death.?526 Some 
cardiac arrhythmic causes of sudden death not necessari- 
ly associated with morphologic abnormalities, e.g., pro- 
longed QT interval syndrome, do not appear in Figure 1. 

Some examples of the many causes of sudden cardiac 
death: 

l. M.M., a 13-year-old athletic boy, the son of a 
former professional football player, collapsed while jog- 
ging and died. He had always been asymptomatic. His 
brother, 1 year older, had died a year earlier also while 
jogging. M.M.’s electrocardiogram 6 months earlier was 
considered “abnormal” but his left ventricular pressure 
was normal and there was no obstruction to left ventricu- 
lar outflow. 

2. A 17-year-old girl, who ran 40 miles weekly, sud- 
denly collapsed and died just after crossing the finish line 
of a 3-mile race. She had been “healthy” all her life. 


T he phrase “sudden death” has been used by lay and 
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A SYMPOSIUM: THE CARDIAC ARRHYTHMIA SUPPRESSION TRIAL 
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FIGURE 1. Various causes of sudden death. HD = heart disease. (Reproduced with permission from Am J Cardiol.*) 


3. A 19-year-old male midshipman was always 
asymptomatic until he suddenly collapsed and died while 
sitting on a bench immediately after running around the 
track several times. On admission examination 1 year 
earlier, electrocardiogram had shown ventricular prema- 
ture complexes and left-axis deviation. The heart was of 
normal size by chest roentgenogram. The blood pressure 
was 135/80 mm Hg. 

4. A 28-year-old woman, well all her life, suddenly 
collapsed and died while running for a bus. 

5. A 28-year-old man died suddenly while pushing a 
brick-loaded wheelbarrow. He had been well until 2 days 
earlier when he complained of “pain in his neck,” but this 
did not prevent him from performing his usual construc- 
tion job activities. 

6. A 33-year-old woman, a domestic, collapsed while 
at work and died immediately. She had been healthy all 
her life. 

7. A 44-year-old woman, a secretary, collapsed while 
walking in her office and died. She had been asymptom- 
atic all her life but on routine examination several years 
earlier was found to have precordial murmurs (each 
grade 2/6) consistent with “aortic stenosis and regurgita- 
tion.” Chest radiograph had shown mild cardiomegaly 
and electrocardiogram had shown left ventricular hyper- 
trophy. 

8. A 44-year-old male taxicab driver was well until 1 
hour before death when he became enraged because his 
taxicab was bombarded by snowballs thrown by 3 youths. 
One snowball entered an open window and hit him in the 
face, knocking off his glasses. He immediately radioed 
the police who arrived several minutes later and appre- 
hended the youths. The police described the taxicab driv- 
er as “livid with rage” over the incident and advised him 
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to leave the scene. Thirty minutes later he radioed his 
dispatcher that he was having breathing difficulties. He 
arrived at the dispatcher’s office a few minutes later, 
collapsed and died. 

9. A 60-year-old male school teacher had been well 
all his life except for recognized systemic hypertension 
until a few minutes before death when he became en- 
raged when trying to prevent 2 students in the school 
gymnasium from fighting. He finally broke up the fight 
and, while walking away from the event minutes later, 
collapsed and died. 

10. An 81-year-old woman, who had had a pacemak- 
er inserted for complete heart block 23 months earlier, 
collapsed and died while climbing a flight of stairs in her 
home. During the preceeding 2 days, she had noted exces- 
sive fatigue, nausea and vomiting. 

The cause of death in each of these 10 patients was 
different and had not a necropsy been performed the 
cause of death could not have been accurately predicted. 
Patient 1 had hypertrophic cardiomyopathy. Patient 2 
had congenital hypoplasia of both right and left circum- 
flex coronary arteries with inadequate perfusion of the 
posterior wall of the left ventricle.” Patient 3 had origin 
of the left main coronary artery from the right sinus of 
Valsalva with coursing of the left main between the pul- 
monary trunk and ascending aorta.”* Patient 4 had iso- 
lated coronary arterial dissection involving the left ante- 
rior descending and left circumflex coronary arteries.”? 
Patient 5 had extensive cardiac sarcoidosis.'> Patient 6 
had a ruptured sinus of Valsalva aneurysm (into the 
pericardial sac rather than into the right side of the 
heart). Patient 7 had congenital origin of the left main 
coronary artery from the pulmonary trunk.'* Patient 8 
had atherosclerotic coronary artery disease with severe 





narrowing of each of the 3 major coronary arteries. Pa- 
tient 9 had a large heart (550 g [normal <400 g]) from 
systemic hypertension but no significant coronary arteri- 
al narrowing or other recognized cause of sudden death.+! 
Patient 10 had severe coronary arterial atherosclerosis 
with acute myocardial infarction complicated by rupture 
of the left ventricular free wall and hemopericardium.*” 
Tests of the pacemaker after death disclosed that it had 
functioned normally. 

In any study discussing sudden death from cardiovas- 
cular disease, the word sudden needs defining. The World 
Health Organization has used a 24-hour definition of 
sudden, meaning, of course, death occurring within 24 
hours from an abrupt change in previous clinical status.33 
When this definition of sudden is used, many cases of 
acute myocardial infarction are intermixed with cases of 
sudden atherosclerotic coronary death unassociated with 
myocardial necrosis. Because it takes over 6 hours for 
histologic evidence of myocardial necrosis to be apparent 
and because most persons dying suddenly do so within an 
hour of change in previous clinical status, the 6-hour 
definition for sudden when applied to “atherosclerotic 
sudden coronary death” more clearly separates the in- 
farct cases from the noninfarct ones. 

Although the term sudden implies unexpected, in only 
one-quarter of victims of atherosclerotic coronary artery 
disease is sudden death the initial manifestation of coro- 
nary artery disease, and therefore, truly unexpected. Sud- 
den death in patients with angina pectoris or healed myo- 
cardial infarction is really not so unexpected. Likewise, in 
persons with hypertrophic cardiomyopathy and certain 
forms of valvular heart disease, death suddenly is always 
a shock but, in actuality, not so unexpected. 

Although sudden death is usually reserved for non- 
violent or nontraumatic deaths, various mentally or 
even physically traumatic events can precipitate sudden 
death.34-36 

The term “sudden death” is often used for persons in 
hospitals who are found dead, most often in their beds. I 
try to reserve the term “sudden death” for persons who 
have fatal or nonfatal cardiac arrest outside the hospital 
or at least whose symptoms of cardiovascular dysfunction 
appear initially while outside a hospital. Some of these 
victims, of course, are rushed to hospitals where fatal 
cardiac arrest occurs shortly after arrival. 

I have examined many manuscripts which have used 
the phrase “sudden death” as a cause of death: “Patient 
so and so died of sudden death or patient so and so had 
sudden death but lived!” Obviously, the term “sudden 
death” should be used only as a mode of death or other- 
wise lawyers and editors will have a field day. 

The use of the term “sudden death” in persons who 
are successfully resuscitated is not recommended. The 
use of the term nonfatal cardiac arrest (to contrast 
with fatal cardiac arrest) is preferable in this circum- 
stance. 

Thus, sudden cardiac death has many causes. Athero- 
sclerotic coronary artery disease, obviously, is by far the 
most common cause of sudden cardiac death, but the 
latter term is not synonomous with atherosclerotic coro- 
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nary artery disease. The term “sudden coronary death” is 
not ideal either because not all sudden coronary deaths 
are the result of atherosclerotic narrowing, but “sudden 
coronary death” is more precise than “sudden cardiac 
death.” Sudden death is not always so sudden, or so 
unexpected or witnessed, and indeed it may be caused by 
or precipitated by mental or physical violence. Thus, 
greater precision is needed when discussing sudden cardi- 
ac death. 


ATHEROSCLEROTIC CORONARY 
ARTERY DISEASE 

Warnes and I’ studied at necropsy 70 victims of sud- 
den coronary death to determine the amount and distri- 
bution of cross-sectional area luminal narrowing in each 
5-mm segment of the 4 major coronary arteries, and 
compared the amount of narrowing both qualitatively 
and quantitatively in those with and without previous 
clinical evidence of myocardial ischemia. 

All patients fulfilled the following criteria: (1) Death 
was known to occur within 6 hours of the previously 
witnessed usual state of health. (2) Although the patient 
may have died in a hospital, he/she was not a patient in a 
hospital at the onset of symptoms suggestive of myocardi- 
al ischemia. (3) At necropsy, =1 of the 4 major (left 
main, left anterior descending, left circumflex and right) 
coronary arteries was narrowed 76 to 100% cross-section- 
al area. (4) Ventricular myocardial coagulation necrosis 
was absent (histologic examination) at necropsy. (5) A 
cause of death, cardiac or noncardiac, other than coro- 
nary artery disease was absent. (6) Chronic congestive 
heart failure had never been present. (7) A cardiovascu- 
lar operation had never been performed. Review of clini- 
cal and necropsy records in the Pathology Branch, Na- 
tional Heart, Lung, and Blood Institute, yielded 63 men 
and 7 women aged 22 to 81 years (mean 50) fulfilling 
these criteria. Of the 70 victims, 46 died outside the 
hospital. The other 24 had chest pain outside the hospital 
and had fatal cardiac arrest shortly after being brought to 
the hospital. 

The hearts were fixed for >24 hours in formalin. The 
4 major coronary arteries were excised intact, x-rayed 
and decalcified if necessary. Each artery was then cut 
transversely into 5-mm segments and labeled sequential- 
ly, either from the aortic ostium, or from its origin from 
the left main coronary artery. The segments were then 
dehydrated with alcohol and xylene, embedded in paraf- 
fin, and at least 2 histologic sections were cut from the 
paraffin block. Each histologic section was stained by the 
Movat technique. The amount of luminal narrowing by 
atherosclerotic plaque was determined by visual inspec- 
tion of these histologic sections when magnified 25 to 50 
times. The percent of cross-sectional area narrowing of 
each 5-mm segment was categorized into 5 groups: 0 to 
25, 26 to 50, 51 to 75, 76 to 95 and 96 to 100. All sections 
were examined and the accuracy of the assessment of 
luminal narrowing was spot-checked by video planime- 
try. A total of 3,484 five-mm segments from the 70 vic- 
tims were examined (mean number of segments per pa- 
tient = 50). 
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Qualitative studies: Of the 70 patients, 1 major coro- 
nary artery was narrowed 76 to 100% in cross-sectional 
area at some point in 11 patients (16%), 2 arteries in 19 
(27%), 3 arteries in 33 (47%), and 4 arteries in 7 (10%). 
Of the 280 major epicardial coronary arteries in the 70 
patients (4 per patient), 176 (63%) were narrowed at 
some point 76 to 100% in cross-sectional area, a mean of 
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FIGURE 3. Mean percents of 5-mm segments of the sum of 
the 4 major coronary arteries narrowed to varying degrees in 
cross-sectional area (XSA) in 70 patients with sudden coro- 
nary death: comparison of 39 patients without and 31 pa- 
tients with a clinical acute myocardial infarction (AMI) and/or 
angina. (Reproduced with permission from Am J Cardiol.*) 
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FIGURE 2. Mean percents of 5-mm segments 
of the 4 major coronary arteries narrowed to 
varying degrees in cross-sectional area (XSA) 
in 70 patients with sudden coronary death. 
LAD = left anterior descending; LC = left cir- 
cumflex; LM = left main; R = right. (Repro- 
duced with permission from Am J Cardiol.*) 





2.5 of 4.0 major coronary arteries per patient. Excluding 
the left main coronary artery, 167 (80%) of the other 210 
major coronary arteries were narrowed 76 to 100% in 
cross-sectional area, an average of 2.4 of 3.0 coronary 
arteries per patient. Of the individual major coronary 
arteries, the left main was severely (76 to 100% in cross- 
sectional area) narrowed in 13% (9 of 70), the left anteri- 
or descending in 86% (60 of 70), the left circumflex in 
74% (52 of 70), and the right in 79% (55 of 70). 

Comparison of the number of coronary arteries nar- 
rowed 76 to 100% in cross-sectional area in the 39 previ- 
ously asymptomatic patients to the 31 with previous 
acute myocardial infarction and/or angina pectoris dis- 
closed the following: 1 major artery so narrowed in 8 
(21%) vs 3 (10%) (difference not significant [NS]); 2 
arteries, 11 (28%) vs 8 (26%) (NS); 3 arteries, 18 (46%) 
vs 15 (48%) (NS), and 4 arteries, 2 (5%) vs 5 (16%) 
(NS). 

Comparison of the number of arteries narrowed 76 to 
100% in cross-sectional area in the 39 patients without to 
the 31 with a healed myocardial infarct revealed the 
following: 1 major artery so narrowed in 9 (23%) vs 2 
(7%) (NS); 2 arteries, 11 (28%) vs 8 (26%) (NS); 3 
arteries, 13 (33%) vs 20 (64%) (p <0.02), and 4 arteries, 6 
(15%) vs 1 (3%) (NS). 

Quantitative studies: Analysis of the 3,484 five-mm 
coronary segments showed that 950 (27%) were nar- 
rowed 76 to 100% in cross-sectional area; 1,127 (32%), 51 
to 75%; 689 (20%), 26 to 50%, and 718 (21%), 0 to 25% 
(Fig. 2). The percent of segments severely narrowed per 
patient, however, varied enormously; from 2% (1 of 50) to 
88% (86 of 98). Sixteen patients had <10% of their 5-mm 
segments narrowed 76 to 100% in cross-sectional area; 15 
patients had 11 to 20% of the segments so narrowed; 11 
patients, 21 to 30% of the segments; 16 patients, 31 to 
40% of the segments; 7 patients, 41 to 50% of the seg- 
ments; 2 patients, 51 to 60% of the segments; 2 patients, 





61 to 70% of the segments, and | patient had 81 to 90% of 
the segments so narrowed. Comparison of the mean per- 
cent of 5-mm segments narrowed 76 to 100% in cross- 
sectional area in the arteries’ proximal and distal halves 
disclosed a significantly higher percent of severely nar- 
rowed segments proximally in the left anterior descend- 
ing and left circumflex coronary arteries than in the distal 
portion of these arteries, but a similar percent in the 
proximal and distal halves of the right coronary artery. 

Of the 39 patients who had been asymptomatic, 502 
(25%) of 1,991 five-mm segments were narrowed 76 to 
100% in cross-sectional area compared with 448 (30%) of 
1,493 five-mm segments in the 31 patients who had had 
either a clinical acute myocardial infarction and /or angi- 
na pectoris previously (p <0.005) (Fig. 3). Comparison of 
the mean percents of segments in all 5 categories of cross- 
sectional area coronary narrowing between the previously 
asymptomatic and symptomatic groups disclosed signifi- 
cant differences in the category of minimal (0 to 25%) 
cross-sectional area narrowing (25 vs 15%, p <0.001). 
Comparison of the amounts of narrowing in each of the 4 
major coronary arteries disclosed a higher mean percent 
of 5-mm segments narrowed 76 to 100% in cross-section- 
al area in the symptomatic vs the asymptomatic victims 
in the left main, left anterior descending and left circum- 
flex, but not in the right coronary arteries, and a lower 
mean percent of segments narrowed 0 to 25% in cross- 
sectional area in all 4 coronary arteries in the symptomat- 
ic group. 

Comparison of the mean percents of 5-mm segments 
in the 5 categories of narrowing between the 31 patients 
with and the 39 patients without left ventricular scars 
disclosed a higher mean percent of segments narrowed 76 
to 100% in the healed myocardial infarction group (33 vs 
24%, p <0.001), and lower mean percent of segments 
narrowed 0 to 25% (13 vs 26%, p <0.001) compared to 
those without healed myocardial infarction (Fig. 4). A 
higher mean percent of 5-mm segments were minimally 
narrowed in those with no healed myocardial infarction, 
and a higher mean percent of segments were severely 
narrowed when a healed myocardial infarction was pres- 
ent. Severe narrowing of the left main coronary artery, 
however, occurred more frequently in those without 
healed myocardial infarction. 

Of the 70 patients, 13 at necropsy had a thrombus in 1 
coronary artery.!° In 6 patients, the thrombus consisted 
primarily of fibrin and erythrocytes, and in 7 patients, 
nearly entirely of platelets. In all 13 patients, the thrombi 
were superimposed on atherosclerotic plaques which had 
already narrowed the lumina 26 to 50% (1 patient), 51 to 
75% in cross-sectional area (4 patients) or 76 to 100% (8 
patients). 


DISCUSSION 

A major finding in the aforementioned study was that 
the sudden death victims had severe and extensive nar- 
rowing of their 4 major extramural coronary arteries by 
atherosclerotic plaque. Of the 70 patients, 59 (84%) had 
22 major arteries narrowed 76 to 100% in cross-sectional 
area and 11 (16%) had only 1 artery so narrowed by 
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FIGURE 4. Mean percents of 5-mm segments of the sum of 
the 4 major coronary arteries narrowed to varying degrees in 
cross-sectional area (XSA) in 70 patients with sudden coro- 
nary death: comparison of 39 patients without and 31 pa- 
tients with a morphologic healed myocardial infarction (MI). 
(Reproduced with permission from Am J Cardiol.®) 


atherosclerotic plaque. Of the 59 patients with multives- 
sel coronary artery disease, 2 arteries were severely (76 to 
100% in cross-sectional area) narrowed in 19 patients 
(27%), 3 arteries in 33 (47%) and 4 arteries in 7 (10%). Of 
the 4 major coronary arteries per patient, 2.5 of 4 were 
severely narrowed. Of the 280 major coronary arteries in 
the 70 patients, 176 (63%) were narrowed severely, and of 
them, the left anterior descending was the most frequent- 
ly narrowed artery (60 of 70 = 86%). The 11 patients 
with l-vessel coronary artery disease were significantly 
younger than the 59 patients with multivessel coronary 
artery disease (mean age 41 vs 51 years). 

Warnes and I’ found the number of coronary arteries 
to be severely narrowed at some point (the qualitative 
approach) in the groups of patients with and without 
previous angina pectoris and/or acute myocardial infarc- 
tion, and the groups with and without grossly visible left 
ventricular scars at necropsy to be roughly similar. Of our 
70 patients, 31 (44%) had had previous clinical acute 
myocardial infarction (which healed) and/or angina, and 
39 did not. Comparison of those with previous clinical 
evidence of myocardial ischemia to those without dis- 
closed similar percents of total coronary arteries (4 per 
patient) severely narrowed (84 of 124 [68%] vs 92 of 156 
[59%]) and roughly similar percents of >2 coronary 
arteries severely narrowed (28 of 31 [90%] vs 31 of 39 
[79%]). Comparison of the 31 patients with to the 39 
without left ventricular scars disclosed similar percents of 
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FIGURE 5. Relation of age to the mean percent of 5-mm coro- 
nary segments narrowed to varying degrees in 60 men with 
sudden coronary death. XSA = cross-sectional area. (Repro- 
duced with permission from Am Heart J.°) 





total coronary arteries severely narrowed (82 of 124 
[66%] vs 94 of 156 [60%]) and similar percents of 22 
coronary arteries severely narrowed (29 of 31 [94%] vs 30 
of 39 [77%]). 

Of the 39 patients who previously had had no clinical 
evidence of myocardial ischemia (asymptomatic group), 
25% of 5-mm segments were narrowed 76 to 100% in 
cross-sectional area compared with 30% in those who had 
had symptoms of ischemia (acute myocardial infarction 
which healed and/or angina pectoris) (p <0.05). The 
asymptomatic group also had a higher mean percent of 
segments minimally narrowed (25 vs 15%, p <0.001). 

Similar differences were apparent in the quantitative 
comparisons between those victims who had a healed 
myocardial infarction at necropsy and those who did not. 
More 5-mm segments were narrowed 76 to 100% in those 
with than in those without a left ventricular scar (33 vs 
24%, p <0.001); fewer 5-mm segments were minimally 
narrowed in those with compared to those without myo- 
cardial infarction (13 vs 26%, p <0.001). Although a 
higher percentage of the 5-mm segments from the sum of 
all 4 major coronary arteries were severely narrowed in 
the patients with compared to those without healed myo- 
cardial infarction, analysis of the individual arteries dis- 
closed that the left main coronary artery was different 
from the other 3. In the 31 patients with healed myocardi- 
al infarction only 4% of the 57 five-mm segments of left 
main were severely narrowed; in contrast, in the 39 pa- 
tients without healed myocardial infarction, 12% of the 
78 five-mm segments were severely narrowed. 

Although the study by Warnes and I’ disclosed the 
patients as a group to have severe and extensive coronary 
narrowing by atherosclerotic plaque, considerable varia- 
tion in the percent of 5-mm segments narrowed severely 
was observed. The range was from 2 to 86%: 16 patients 
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(23%) had <10% of their coronary segments narrowed 76 
to 100% in cross-sectional area and 12 patients (17%) had 
>40% of their 5-mm segments severely narrowed. Thus, 
the extent of the severe narrowing is difficult to predict in 
the individual patient, but predictable in groups of pa- 
tients dying suddenly from coronary artery disease. The 
previously symptomatic patients clearly had more severe 
narrowing and less minimal narrowing than the asymp- 
tomatic group, as did those patients with compared to 
those without a healed myocardial infarction. 

The average amount of coronary narrowing in pa- 
tients with atherosclerotic sudden coronary death was 
similar in both younger and older victims.? Among 60 
men (all included in the aforementioned study) aged 31 
to 70 years with atherosclerotic sudden coronary death, 
Warnes and I? found similar mean percents of 5-mm- 
long coronary segments narrowed severely (>75% in 
cross-sectional area) in each of 4 decades: 33% in the 5 
patients aged 31 to 40 years, 29% in the 27 patients aged 
41 to 50 years, 26% in the 18 patients aged 51 to 60 years, 
and 30% in the 10 patients aged 61 to 70 years (Fig. 5). 
The mean percent of 5-mm segments minimally nar- 
rowed (0 to 25%), however, was significantly higher in the 
younger than in the older decades. Thus, as groups, both 
young and old victims of sudden coronary death have 
similar amounts of severe coronary narrowing, but the 
younger victims have a greater proportion of their major 
coronary arteries minimally narrowed. 
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The Cardiac Arrhythmia Suppression Trial: 
Background, Interim Results and Implications 


Craig M. Pratt, MD, and Lemuel A. Moye, MD, PhD 


The Cardiac Arrhythmia Suppression Trial (CAST) 
was designed to test the hypothesis that suppres- 
sion of ventricular premature complexes (VPCs) in 
survivors of acute myocardial infarction would re- 
duce arrhythmic death risk. Instead, a preliminary 
finding from the CAST was that the encainide and 
flecainide groups had a 3.6-fold increase in ar- 
rhythmic death compared with their placebo group. 
These unfortunate results were especially surpris- 
ing in that the CAST population represented pa- 
tients in whom the risk of arrhythmic death was 
only moderate and the risk of proarrhythmia was 
thought to be low. In contrast, the arrhythmic 
death rate of the CAST placebo group was unusu- 
ally low, to the extent that it paralleled the arrhyth- 
mic death rate in previous clinical trials of patients 
surviving myocardial infarction with no ventricular 
arrhythmia. The excessive arrhythmic death rate in 
patients taking encainide and flecainide occurred 
over the duration of the CAST, implying a proar- 
rhythmic effect that may be due to mechanisms 
that are unique in this population, and thus chal- 
lenging traditional concepts of proarrhythmia. 

The existing knowledge regarding the proar- 
rhythmic and negative inotropic effects of encainide 
and flecainide are reviewed. The previous pharma- 
ceutical database experience with these 2 antiar- 
rhythmic drugs exceeded 3,000 patients; however, 
there was no indication of this serious proarrhyth- 
mic effect. In contrast, the CAST population taking 
encainide and flecainide totaled only 725 patients 
who were followed for 10 months and had an ex- 
tremely high proarrhythmic event rate. The reasons 
for this discrepancy are discussed. The results of 
the CAST emphasize the power of a randomized, 
placebo-controlled clinical trial to uncover previous- 
ly unsuspected benefits or liabilities of traditional 
therapies. 

(Am J Cardiol 1990;65:20B-29B) 
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was instituted in 1986 by the National Heart, 

Lung, and Blood Institute (NHLBI) after the 
completion of a 502-patient pilot study, the Cardiac Ar- 
rhythmia Pilot Study (CAPS). During a routine interim 
analysis of the CAST, the Data and Safety Monitoring 
Board discovered an unsuspected increase in arrhythmic 
deaths in the encainide/flecainide group compared with 
placebo (relative risk = 3.6).' As a result, patients ran- 
domized to the encainide/flecainide treatment sections of 
the CAST have been reevaluated and reassigned to alter- 
native therapies. Although surprising and unfortunate, 
these findings represent a milestone in sudden cardiac 
death research and have major implications for clinical 
practice, our concepts regarding “proarrhythmia,” and 
the future of antiarrhythmic drug development. This 
study begins with a review of knowledge regarding the 
risk associated with spontaneous ventricular arrhythmias 
at the time of planning the CAPS, followed by a discus- 
sion of the results and limitations of the CAPS. With this 
background the CAST study design, the interim results 
and their implications are discussed. 


T he Cardiac Arrhythmia Suppression Trial (CAST) 


STATE-OF-THE-ART BEFORE CAPS 

A number of studies have demonstrated a relation 
between the presence of ventricular premature complexes 
(VPCs) in patients surviving acute myocardial infarction 
(MI) and arrhythmic death.” The most comprehensive 
of these trials has shown an independent association be- 
tween the presence of ventricular arrhythmia (VPCs 23/ 
hour or 21 runs or nonsustained ventricular tachycardia 
[VT], or both) and an increased rate of arrhythmic death 
over 2 years.2 Whereas the status of left ventricular func- 
tion is the most powerful predictor of long-term outcome 
after acute MI, the studies by Bigger et al* and Ruber- 
man et al? (combined observations of >2,500 patients) 
are consistent, and support the concept that VPCs are an 
independent risk factor for arrhythmic death. Although 
detection of VPCs on Holter recordings is associated with 
an increased arrhythmic death mortality, this marker is 
far from being a perfect screening test for predicting 
sudden death potential in survivors of acute MI. Table | 
depicts the sensitivity and specificity of various VPC rates 
in 3 published trials. Holter criteria in the range of 3 to 10 
VPCs/hour identify about 50% of the patients who will 
die a presumed arrhythmic death over the next 1 to 2 
years.?37 

Trials of the empiric administration of 6 blockers to 
patients surviving acute MI have demonstrated that such 
therapy (propranolol, timolol, metoprolol, atenolol) re- 





TABLE I Sensitivity and Specificity of Holter Criteria for Arrhythmic Death 


Holter 
Criteria* 
(VPCs) 


Sample Size 
with VPC 
Criterion 


True 
Positivet 


Bigger et al? 
Ruberman et alè 
BHAT’ 

Placebo group 


245/819 

454/1,739 
1,380/1,640 

211/1,640 


31/245 
69/454 
70/1,380 
19/211 


* VPC rates expressed as per hour. 
t Refers to arrhythmic deaths. 


False 
Negativet 


True 
Negative 


False 
Positive 


214/245 
385/454 
1,310/1,380 
192/211 


943/574 
1,227/1,285 
254/260 
1,372/1,429 


31/574 
58/1,285 
6/260 
57/1,429 


BHAT = Beta Blocker Heart Attack Trial; Sens. = sensitivity; Spec. = specificity; VPC = ventricular premature complexes. 


duces arrhythmic death mortality after acute MI.8-!2 In 
contrast, all studies of empiric therapy with antiarrhyth- 
mic drugs given to patients surviving acute MI have failed 
to show any mortality benefit.!? Thus, at the time of the 
planning of the CAPS, there had been no trial of suffi- 
cient size to address the hypothesis that suppression of 
ventricular arrhythmias in survivors of acute MI could 
reduce sudden death mortality. 

Due to the limited data regarding the safety and effi- 
cacy of antiarrhythmic drugs in patients surviving acute 
MI, the CAPS was designed,'* the results of which have 
been published.!° The most important issues that the 
CAPS addressed were (1) the timing and methods of 
screening for ventricular arrhythmias in survivors of 
acute MI; (2) the degree to which the VPCs could be 
suppressed by antiarrhythmic drugs; (3) the ability to test 
multiple doses of antiarrhythmic drugs using a parallel 
double-blind placebo-controlled design; (4) the degree to 
which VPC suppression could be maintained for 1 year; 


and (5) the incidence of proarrhythmic effects, detrimen- 
tal effects on left ventricular dysfunction, and other drug 
toxicities (safety issues). 


CAPS 

Some of the key design features of the CAPS trial are 
presented in Table II. For comparative purposes later in 
this article, the design features of the CAST are also 
presented. A detailed discussion of the considerations 
that led to the final study design and drug selection in the 
CAPS is available. '4 

Results of the CAPS: The primary efficacy goal of the 
CAPS was the frequency with which antiarrhythmic 
drugs could suppress at least 70% of VPCs and 90% of the 
runs of nonsustained VT in patients 6 to 60 days after 
acute MI.'4 Lower efficacy criteria were considered but 
rejected because they would too often be confused with 
VPC variability.'°!’ It was hoped that antiarrhythmic 
drugs could be identified that could achieve the >70% 
VPC suppression goal in >75% of patients tested. The 
pilot study allowed evaluation of multiple antiarrhythmic 
drugs at various doses, thus identifying antiarrhythmic 
drugs that achieved the CAPS efficacy goal. The VPC 
suppression goal was achieved in 79 and 83% of patients, 
respectively, using encainide and flecainide. Moricizine 
achieved this goal in 66% of patients, imipramine in 52%, 


TABLE II Comparison of Selected Design Features of CAPS and CAST 


Design Features CAPS 


Parallel placebo group + 

Double blind + 

VPC /hr 210 

LVEF limits LVEF 220% 
Time from MI 6-60 days 
Age cutoff (yr) <75 


Open-label drug titration O 
Antiarrhythmic drugs 


placebo 
Beta-blocker therapy Encouraged 
VPC suppression goalt 


VT suppression goalt 


Definition of nonsustained VT 
VT proarrhythmia definition 


* Flecainide considered only for patients with LVEF >30%. 
t Holter on antiarrhythmic drug compared with baseline Holter. 


Encainide, flecainide, 
moricizine, imipramine, 


70% VPC reduction 
90% VT reduction if 210 runs 
100% VT reduction if <10 runs 
3-9 consec. VPC =100/min 
>50 runs /day if <5 runs, 
>10 X increase if 25 runs, 
new VT, length =10 
consecutive VPCs 


26 

LVEF <55% (6-90 days), 

LVEF <40% (91 days-2 yrs) 

6-90 days (LVEF <55%), 

91 days-2 yrs (LVEF <40%) 

<80 

+ 

Encainide, flecainide*, 
moricizine, placebo 


Encouraged 
80% VPC reduction 
90% VT reduction if >25 runs 
100% VT reduction if <5 runs 
3-15 consec. VPC =120/min 
>50 runs /day if <5 runs, 
>10 X increase if 25 runs, 
new VT, length 215 
consecutive VPCs 


CAPS = Cardiac Arrhythmia Pilot Study; CAST = Cardiac Arrhythmia Suppression Trial; consec. = consecutive; LVEF = left ventricular ejection fraction; MI = myocardial infarction; 


VPC = ventricular premature complexes; VT = ventricular tachycardia. 
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A SYMPOSIUM: THE CARDIAC ARRHYTHMIA SUPPRESSION TRIAL 


TABLE Ill Power of CAPS to Detect Changes in Arrhythmic 
Death Mortality (Assuming 4.5% Arrhythmia Death Rate) 


Power to Detect 
Difference (%) 


Ratio of Treatment 
to Placebo Mortality 


Placebo Better Than Drug 
5.00 5.9 


See text for explanation. Calculation assumptions: 3.5%; arrhythmic death rate, a 
error = 0.013; sample size = 200, drop-in —0.02; drop-out —0.20. 
CAPS = Cardiac Arrhythmia Pilot Study. 


and placebo reached the CAPS efficacy goal in 37% of 
patients. Of the 4 limbs of active antiarrhythmic therapy, 
encainide, flecainide and moricizine were well tolerated 
compared with the placebo group. In addition, nearly 
75% of the patients who began therapy with any of these 3 
drugs continued to take them for the entire year. Imipra- 
mine had an undesirable toxicity profile compared with 
placebo.!5 

The results of the CAPS supported the feasibility of 
performing a full-scale clinical trial designed to test the 
hypothesis that VPC suppression in survivors of acute MI 
could reduce the incidence of arrhythmic sudden death. 
Regarding toxicity, proarrhythmia rates did not appear 
to differ between the encainide/flecainide groups and 
placebo. However, flecainide-treated patients had more 
congestive heart failure, whether compared with all other 
CAPS patients or only with placebo.!8 The cumulative 
incidence of arrhythmic death/cardiac arrest in CAPS 
was 4.5% in 1 year, a figure used to estimate the CAST 
sample size.!:!° 

Patients in the CAPS who were taking concomitant 
calcium channel blockers were more likely to develop 
congestive heart failure (18%) than those not receiving 
such therapy (8%, p <0.005). There was a clear relation 
between the development of congestive heart failure and 
the baseline left ventricular ejection fraction (LVEF) for 
all therapies, including placebo.'® For example, in the 
small subset of patients whose LVEF ranged between 20 
and 29%, class III congestive heart failure occurred in 
31% of patients taking encainide, 38% taking flecainide, 
36% taking imipramine, 23% taking moricizine, and 17% 
taking placebo. Most of the patients who had worsening 
of congestive heart failure had it within the first 3 months 
of therapy.!® The results of CAPS implied that there was 
a more negative inotropic effect of flecainide than encai- 
nide even though these drugs closely share electrophysio- 
logic properties. Both were potent suppressors of VPCs, 
although all drugs tested were less effective in patients 
with an LVEF <30%. 
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Important observations were made from the CAPS 
placebo group. Holter-documented arrhythmia suppres- 
sion often occurred in the CAPS placebo population. In 
fact, 37% of patients randomized to the CAPS placebo 
group had 270% VPC suppression by the end of drug 
dosing. This was a confounding variable, requiring con- 
sideration in planning the full-scale trial to test the hy- 
pothesis that VPC suppression could reduce sudden 
death. The CAPS, consistent with previous studies, docu- 
mented a large daily VPC variability so that patients 
could appear to have VPC suppression or proarrhythmia 
due to intrinsic VPC variability, alone.'®!? 


STATISTICAL CONSIDERATIONS 
(LIMITATIONS IN DETECTING 
SERIOUS TOXICITY) 

Based on the observed 364% increase of the primary 
CAST end point (arrhythmic death/cardiac arrest) in 
the encainide/flecainide group,! a valid question could 
be: Why couldn’t the CAPS (a 502-patient pilot study) 
detect the magnitude of the toxicity of encainide and 
flecainide? Obviously the CAPS was not constructed to 
be a mortality trial but rather a pilot study to gather 
information useful in planning a full-scale mortality trial. 
The CAPS trial comprised 5 treatment groups of approx- 
imately 100 patients each, and the 1-year mortality in 
each group was relatively small (6 to 14%). Table IH 
shows the relation between the ratio of placebo and active 
drug mortality rates and the power of the CAPS to detect 
some given drug effect on the incidence of arrhythmic 
death. The power of a study is the study’s ability to detect 
the treatment effect of interest through the background 
variability or “noise” created by the different reactions of 
individual patients. Large clinical trials are designed to 
detect treatment effects with high power (usually a power 
greater than 0.80). Table III shows that the CAPS had 
little ability to detect a treatment effect (even a 2.5 to 3.6 
times increased mortality) with any statistical certainty. 
In the CAST, the sudden death rate in the encainide/ 
flecainide group exceeded that of placebo by 364% (33 of 
730 vs 9 of 725 = 3.64). As shown in Table III, the ability 
of the CAPS to determine this increased mortality rate in 
either the encainide or flecainide groups compared with 
placebo was less than 5 chances in 100. It is clear from 
Table III that the CAPS, as a pilot study, could not 
possibly be expected to detect even large mortality differ- 
ences between such small groups with statistical certain- 
ty. Were the CAPS to have actually demonstrated a five- 
or 10-fold increase in arrhythmic mortality with encai- 
nide or flecainide (which it did not) statistical analysis 
would, of course, show it to be a significant difference. 


CAST DESIGN CONSIDERATIONS 

The CAST was designed to test the hypothesis that 
suppressing VPCs in patients surviving acute MI would 
reduce the incidence of arrhythmic death/cardiac arrest 
(the primary end point). The CAST was designed and 
implemented in 1986. Many of the design features in the 
CAST are outlined in Table II. The CAST was similar to 
the CAPS in that it was double-blind with a parallel 





placebo group. The VPC entrance criterion was slightly 
reduced to >6 VPCs/hour, LVEF limits were changed, 
and the entrance window from infarction was increased 
to 2 years. However, patients presenting later (from 91 
days to 2 years) required an LVEF <40%. Based on 
information regarding the large arrhythmia variability 
from the CAPS,'®!? the arrhythmia suppression goal of 
the CAST was more stringent. The definitions of VT and 
proarrhythmia were liberalized (Table II). Encainide, 
flecainide and moricizine were chosen for the CAST in 
doses that appeared to be safe in the CAPS, the goal 
being to provide alternative therapies so as to achieve 
VPC suppression in as many patients as possible. Based 
on the CAPS observation that flecainide increased the 
incidence of congestive heart failure, flecainide could 
only be randomly assigned to patients with an LVEF 
= 30%. Because of superior VPC suppression in the 
CAPS, encainide or flecainide were the first choice in 
CAST patients whose LVEF was 230%. 

Whereas many of the CAST design features were 
similar to the CAPS, there were 2 major differences. 
First, the CAST was designed to include only patients 
who demonstrated VPC suppression. Thus, patients were 
eligible for randomization only if they reached the >80% 
VPC suppression goal while receiving open-label encai- 
nide, flecainide or moricizine. Thus, as opposed to the 
CAPS, the CAST was a trial only of arrhythmia suppres- 
sors (i.e., “responders”). The presence of an open-label 
titration phase was the second major departure from the 
CAPS. The open-label phase in the CAST typically last- 
ed approximately 2 weeks, the time it usually took to 
document arrhythmia suppression. 

The CAST sample size estimate required 4,400 pa- 
tients be followed for an average of 3 years. The primary 
end point, arrhythmic death/cardiac arrest, was assumed 
to have a 3-year cumulative incidence of 11% in the 
placebo group. This was extrapolated from the observed 
l-year incidence of arrhythmic death/cardiac arrest in 
the CAPS, which was 4.5%, a rate thought likely to 
decrease in the second and third years. It was estimated 
that use of antiarrhythmic therapy could reduce the inci- 
dence of sudden cardiac death by 30%. The type I or a 
error was set at a l-tail level of 0.025. The power of the 
study to detect the hypothesized difference in mortalities 
between the 2 groups was 0.84. Other considerations 
(e.g., drop-ins and drop-outs) resulted in the need to 
randomize 2,200 patients to each group (placebo vs anti- 
arrhythmic therapy). The CAST trial was due to be 
completed both in enrollment and follow-up by 1992, 
when the results were to be unblinded and analyzed. 


UNEXPECTED MORTALITY INCREASE IN THE 
CAST ENCAINIDE/FLECAINIDE GROUP 

As in all NHLBI clinical trials, an outside Data and 
Safety Monitoring Board objectively surveyed the CAST 
periodically for any unforeseen safety problems. During a 
routine analysis, the board discovered that the encainide / 
flecainide groups had an increase in both total (250%) 
and arrhythmic death (364%) mortality. Analysis of the 
baseline characteristics of the 1,455 patients randomized 
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TABLE IV Comparison of Some Baseline Characteristics and 
Mortality Results in CAPS and CAST 


CAPS 
Placebo 
Group 


CAST 
Placebo 
(n = 725) 


Age (year) 

Mean LVEF (%) 

% with LVEF <40% 

% with hx of angina 

% with previous MI 

% with diabetes mellitus 

% on B blockers 

% on CA blockers 

% on digitalis 

% on diuretics 

% with runs of VT 

% with hx of CHF 

Total mortality (1 yr) (%) 9.21 

Sudden death mortality ; 5.4t 
(1 yr) (%) 

Thrombolytic therapy (%) ; 28.2 


CABG / PTCA (%) 53.6t 

* Calculated from entire CAPS population (n = 502). 

' Extrapolated from 10 months to 1 year for comparison purposes (10-month 
mortality X 12/10 = 1 year mortality). 

t Includes CABG /PTCA before qualifying infarct and after randomization. 

CA = calcium; CABG = coronary artery bypass graft; CHF = congestive heart 
failure; ENC = encainide; FLEC = flecainide; hx = history; PTCA = percutaneous 
transluminal coronary angioplasty; other abbreviations as in Table Il. 


either to encainide/flecainide or their matching placebos 
showed no differences in prerandomization risk to explain 
the observed differences in mortality. The mortality fig- 
ures were striking: of the 78 deaths in the 1,455 patients 
during the 10-month mean follow-up, 56 occurred in the 
encainide/flecainide group compared with 22 patients in 
the placebo group. Of the 42 arrhythmic deaths /cardiac 
arrests, 33 occurred in the encainide/flecainide group. 
Relevant baseline characteristics and mortality results in 
the encainide/flecainide limb of the CAST compared 
with their placebo group are summarized in Table IV 
with the CAPS placebo group presented for reference. In 
general, patients in the CAST had lower mean LVEFs, 
more patients had an LVEF <40%, and G-blocking thera- 
py was administered less often, but calcium channel 
blockers were given more frequently in the CAST than in 
the CAPS. 

The most striking features of the CAST results were 
(1) the incredibly low arrhythmic death rate in the CAST 
placebo group, and (2) the appalling total and arrhyth- 
mic death mortality excess in the encainide/flecainide 
groups. These 2 issues merit detailed discussion. 


DILEMMA OF THE LOW 
PLACEBO MORTALITY 

The comparisons of the CAPS and the CAST study 
designs (Table IT) and baseline characteristics (Table IV) 
would intuitively lead one to expect that the CAST place- 
bo patients should have had a higher arrhythmic death 
incidence than that observed in the CAPS, because more 
patients in the CAST had lower LVEFs and a higher 
incidence of congestive heart failure. The extraordinarily 
low incidence of arrhythmic death in the CAST placebo 
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A SYMPOSIUM: THE CARDIAC ARRHYTHMIA SUPPRESSION TRIAL 


TABLE V Risk of Sudden Death Based on VPCs Detected on 
Holter Recording in Patients Surviving Acute Myocardial 
Infarction 


Total Actual 
Death Mort.* Follow- 
Mortality (1 yr) Up 

| Trial (%) (%) (mo) 


Arrhythmic 


CAST! (>26 VPCs/hr) 10 
Encainide / i 9.2! 
Flecainide 
Placebo 

CAPS!° (>10 VPCs/hr) 

All pts. 

Placebo 
Bigger et al? 

All pts. 

0 VPC 

>3 VPCs/hr 

>10 VPCs/hr 

>30 VPCs/hr 

BHAT’ (placebo group) 
O VPC 
Any VPC 
>10/hr 
<10/hr 

Moss et al* 

Ruberman et al? 
<10 VPCs/hr 
>10 VPCs/hr 
* All corrected to an estimated 1-year mortality. 


t End point of death / cardiac arrest. 
Mort. = morality; other abbreviations as in Tables | and Il. 


group (1.2% in 10 months, extrapolated to 1.5% for 1 
year) not only is miniscule compared with the CAPS 


placebo group but also with other published experience. 
Table V summarizes the risk of arrhythmic death of 
patients surviving acute MI stratified for the extent of 
ventricular arrhythmia on Holter recordings.'~*”"'° In the 
study by Bigger et al,” the only arrhythmic death mortali- 
ty approaching the low CAST placebo rate was in pa- 
tients who had no VPCs on 24-hour Holter recording. In 
that trial, patients with 23 VPCs/hour (a lower entrance 
criterion than in the CAST) had a 6% annual arrhythmic 
death rate.2 A similar annualized arrhythmic death rate 
was found if the VPC cutoff was >10 or 230 VPCs/ 
hour. The Beta Blocker Heart Attack Trial (BHAT) 
placebo group with no VPCs paralleled the CAST place- 
bo group, with a 1.2% annualized incidence of arrhythmic 
death.’ In the trial by Ruberman et al,’ the 454 patients 
with >10 VPCs/hour had a 7.6% annualized arrhythmic 
death rate. Thus, the CAST had a unique placebo group; 
although it was designed to reflect an increased risk for 
arrhythmic death, the 1-year arrhythmic death mortality 
behaved more like the lowest post-MI risk group possible 
(Table V). 


WHY WAS CAST PLACEBO 
MORTALITY SO LOW? 

There are many possible explanations for the low 
CAST placebo mortality. First, many high-risk patients 
were excluded (severe congestive heart failure, class IV 
angina, blood pressure = 180/120 mm Hg, patients with 
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sustained VT, QRS >0.18, high-degree heart block, se- 
vere hypotension). Because those exclusions were similar 
to those in the CAPS, other explanations must be found. 
Observations by Moss et al* over a decade ago showed 
that the risk of arrhythmic death in the first 6 months 
after acute MI primarily occurs in the first 1 to 2 months. 
In the 6-month follow-up study by Moss et al,* 59% of the 
arrhythmic deaths occurred within the first 2 months 
after MI. The open-label phase of the CAST (not present 
in the CAPS), required to identify patients who were 
responders, lasted approximately 2 weeks; during this 
interval, a number of deaths occurred, lost to the study 
mortality analysis. In fact, 62 of 2,315 patients died dur- 
ing the open-label titration phase. However, incorpora- 
tion of these deaths into the CAST would probably not 
have led to a different conclusion. A reasonable assump- 
tion regarding these prerandomization deaths could be 
that had they occurred after randomization they might 
have been distributed equally across treatment groups 
(although it is more likely that excessive deaths would 
have occurred in the encainide/flecainide groups). If this 
was the case, the trend toward increased deaths in the 
treatment group is blunted but not reversed. Thus, the 
placebo arrhythmic death rate would have increased, 
more closely approximating previous published experi- 
ence. 

A second potential explanation for the low placebo 
mortality is that the CAST was designed only to enroll 
patients whose VPCs and nonsustained VT were sup- 
pressed. Identifying and enrolling only “suppressors” or 
“responders” may select a population with a low risk of 
arrhythmic death. Perhaps being a drug responder in the 
CAST is a powerful predictor of a good outcome and 
minimizes the arrhythmic death risk. This is a fascinating 
hypothesis that merits further research. Wellens et al? 
contributed an interesting commentary regarding pa- 
tients with life-threatening VT undergoing programmed 
electrical stimulation. Whereas patients who have induci- 
ble sustained monomorphic VT apparently have a high 
risk of arrhythmic death, it has been presumed that if 
antiarrhythmic drugs inhibit this inducibility then pa- 
tients should be discharged on that drug. While proposing 
a new approach to testing the validity of a programmed 
electrical stimulation hypothesis, a similar possibility 
analogous to CAST exists. Perhaps, as in the CAST, the 
observation that a patient can be rendered noninducible 
with an antiarrhythmic drug during programmed electri- 
cal stimulation is, in itself, an indicator of better progno- 
sis. 

Another explanation of the low placebo mortality in 
the CAST may be related to other differences in the 
medical management of the CAST compared with the 
CAPS placebo populations. Patients were randomized 
into the CAPS between 1983 and 1985. The CAST popu- 
lation comprised patients randomized from June 1987 
through April 1989. During those 6 years, therapy for 
acute MI had changed dramatically, so that by the end of 
the decade a larger number of patients were receiving 
thrombolytic therapy and more patients were undergoing 
percutaneous transluminal coronary angioplasty (Table 





IV). The majority of the increase in invasive procedures 
noted between the CAPS and the CAST placebo groups 
(Table IV) is accounted for by more frequent perfor- 
mance of percutaneous transluminal coronary angio- 
plasty. Whether the combination of more thrombolytic 
therapy and more angioplasty further reduced the mor- 
tality in the CAST placebo group is speculative. How- 
ever, the recent report from the Thrombolysis and Myo- 
cardial Infarction Trial (TIMI II) of patients with acute 
MI treated with tissue plasminogen activator followed by 
various strategies using percutaneous transluminal coro- 
nary angioplasty has shown a 42-day post-MI mortality 
of only 4.7%, a low mortality figure that includes all of 
the in-hospital mortality.2! The TIMI II trial did not 
have a parallel placebo group, but this is an extraordinari- 
ly low combined in-hospital and early follow-up mortali- 
ty. Whether differences in the percentage of patients 
taking 8 blockers or calcium channel blockers had any 
effect on the lower CAST placebo mortality is specula- 
tive. However, if anything, one would have expected a 
higher CAST placebo arrhythmic death rate since a low- 
er percentage of the CAST patients were taking 8 
blockers compared with the CAPS (Table IV). 


WHY DID ENCAINIDE/FLECAINIDE 
INCREASE CAST MORTALITY? 

The CAPS trial was underpowered to detect an in- 
creased mortality in the encainide/flecainide groups 
compared with placebo. A large number of published 
studies indicate that these electrophysiologic type IC an- 
tiarrhythmic drugs have a significant proarrhythmic po- 
tential and also may lead to an increase in left ventricular 


dysfunction (a second mechanism to increase mortality). 


PROARRHYTHMIC POTENTIAL OF 
ANTIARRHYTHMIC DRUGS 

The fact that antiarrhythmic drugs may actually pro- 
voke life-threatening ventricular arrhythmias has been 
recognized for over a quarter of a century.” Likewise, the 
negative inotropic potential of certain antiarrhythmic 
drugs has been documented for over a decade.” In their 
landmark study of 9 antiarrhythmic drugs used to treat 
patients with malignant ventricular arrhythmias, Velebit 
et al** reported aggravation of existing or provocation of 
new ventricular arrhythmias (frequently termed proar- 
rhythmia) in 5 to 17% of drug experiences. In 63 patients 
with a history of malignant sustained ventricular arrhyth- 
mias, Poser et al*> determined that 12.9% of the drug 
trials resulted in arrhythmia aggravation. Other investi- 
gators have identified a variety of proarrhythmic re- 
sponses during programmed electrical stimulation testing 
of antiarrhythmic drugs. Horowitz et al?° documented 
the conversion of nonsustained to sustained VT in 17% of 
their patients, and also identified an additional 12% of 
their population in whom the induction of sustained VT 
required a less aggressive stimulation protocol. A more 
recent report has documented new inducible sustained 
VT in 28% of 314 patients with sustained or nonsustained 
VT or ventricular fibrillation who were undergoing 801 
drug studies.*’ 
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Proarrhythmic and negative inotropic effects of en- 
cainide: A recent analysis of the arrhythmogenic effects 
of antiarrhythmic drugs during programmed electrical 
stimulation has been reported by Stanton et al.?8 In this 
trial, arrhythmogenic effects occurred in 6.9% of 506 
consecutive patients undergoing a total of 1,268 antiar- 
rhythmic drug trials for VT or ventricular fibrillation. 
The highest reported incidence of proarrhythmia oc- 
curred with encainide (11.8%).?8 Winkle et al?’ reported 
similar observations over 9 years ago. In a group of pa- 
tients with life-threatening arrhythmias, encainide fre- 
quently caused a polymorphic VT resulting in cardiac 
arrest. Similarly, Rinkenburger et al?° noted that encai- 
nide frequently converts nonsustained to sustained VT 
and that most patients in whom sustained VT develops 
while taking encainide have substantial hypotension.*° 
These reports refer mostly to patients with life-threaten- 
ing ventricular arrhythmia and include less severe proar- 
rhythmia, not limited to arrhythmic death. 

Encainide also has a significant negative inotropic 
effect. The results of the CAPS failed to show any clini- 
cally significant increase in congestive heart failure with 
encainide compared with placebo.!5!8 In this respect, 
encainide appeared superior to flecainide, to the extent 
that the CAST patients with an LVEF <30% could be 
randomized to encainide. However, it is possible that the 
inability to show a significant negative inotropic effect of 
encainide in the CAPS was either a reflection of the 
patient population tested or simply a type II or 8 error. 
In a recent report by Gottlieb et al,3! a single dose of 
50 mg of encainide was given to 30 patients with severe 
symptomatic congestive heart failure, all of whom had 
an LVEF <40%. Invasive hemodynamic measurements 
were obtained using a balloon-tipped thermodilution 
catheter. Within 2 hours after its administration, encai- 
nide produced a significant deterioration of multiple he- 
modynamic variables, including cardiac index and stroke 
work index, and an increase in pulmonary capillary 
wedge pressure.*! In 8 of the 30 patients, the documented 
negative inotropic effects were accompanied by worsen- 
ing symptoms of congestive heart failure. As opposed to 
the results of the CAPS, administration of encainide to 
patients with symptomatic left ventricular dysfunction 
definitely appears to cause hemodynamic deterioration.*! 
The negative inotropic effect of encainide may have im- 
pacted on CAST, where 40% of the encainide/flecainide 
group had an initial LVEF <40% and encainide was 
given to CAST patients with an LVEF <30%. 

Proarrhythmic and negative inotropic effects of fle- 
cainide: A review of flecainide toxicity shows a similar 
pattern of toxicity to encainide. The results of the CAPS 
have shown that patients with relatively modest left ven- 
tricular dysfunction have further symptomatic deteriora- 
tion of left ventricular function during flecainide thera- 
py.'>'8 Multiple studies have documented the potential of 
flecainide to induce life-threatening ventricular arrhyth- 
mias. In a review of the flecainide database, Morganroth 
et al’? pointed out that the presenting arrhythmia is pre- 
dictive in determining which patients are more likely to 
have a proarrhythmic effect with flecainide therapy. Pa- 
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TABLE VI Confounding Variables When Assessing or 
Comparing Efficacy /Safety of Antiarrhythmic Drugs Using 
Published Reports 


. Assorted patient populations (asymptomatic VPCs, post-Ml, 
cardiomyopathy, congestive heart failure) 

_ Patients with new onset arrhythmia vs patients previously 
refractory to therapy 

. Various presenting arrhythmias, varying definitions of sustained VT 

_ Lack of baseline quantitative LVEF in some trials /patients 

. Different suppression end points 

_ Different evaluation modalities (Holter, programmed electrical 
stimulation) 

_ Various durations of Holter recording, different electrophysiologic 
stimulation protocols 

. Different drug doses, dosing intervals 

. Different durations of study to assess outcome (from acute drug 
testing to chronic oral therapy) 

_ Different drug sequences (first choice or last resort?) 

. Lack of mortality end points 

. Lack of parallel placebo group 


Abbreviations as in Table Il. 


tients presenting with symptomatic sustained VT are 
much more likely to have a proarrhythmic death associ- 
ated with flecainide (3.1% of patients) than patients pre- 
senting with nonsustained VT or with benign VPCs (0.2 
and 0% incidence of proarrhythmic deaths, respectively; 
p <0.01).32 The mean observation period of the flecainide 
database (1,330 patients followed for a mean of 292 days) 
is nearly identical to CAST (300 days); yet Morganroth 
et al32 reported only a 0.2% incidence of proarrhythmic 
death for patients in the potentially lethal category. In 
their experience with 55 consecutive patients treated with 
oral flecainide, Anastasiou-Nana et al? noted that 7 of 
these patients (13%) had new or more sustained exercise- 
induced ventricular arrhythmias or a new wide-complex 
VT. Similar reports of the proarrhythmic effects of flecai- 
nide have appeared in multiple publications.*** 

In an editorial reviewing the high incidence of encai- 
nide-induced proarrhythmia during electrophysiologic 
testing reported by Stanton et al,?* Sheinman’® com- 
mented on his own experience, concluding that there is a 
high incidence of proarrhythmia with encainide in pa- 
tients with life-threatening arrhythmia, such that type IC 
agents should not be used in the management of patients 
with severe organic heart disease and a history of sus- 
tained VT or ventricular fibrillation. Most previous re- 
ports of proarrhythmia or arrhythmia aggravation and 
provocation previously mentioned involve patients with 
lethal ventricular arrhythmias (patients presenting with 
sustained VT, ventricular fibrillation and sudden cardiac 
death). 

It is difficult to extrapolate observations made from 
patients with lethal ventricular arrhythmias to patients 
with asymptomatic ventricular arrhythmias surviving 
acute MI, such as those found in the CAST population 
(frequently termed potentially lethal). Our recent report 
of a group of 246 patients (recent MI excluded) treated 
with a variety of antiarrhythmic agents (procainamide, 
quinidine, disopyramide, cifenline, moricizine, indecain- 
ide, metoprolol and sotalol) provides an ominous and 
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consistent warning about antiarrhythmic drug adminis- 
tration to the potentially lethal arrhythmia category.*’ 
Using arrhythmia suppression criteria similar to those 
found in the CAPS and the CAST, we found that only 82 
of 246 patients (33%) maintained adequate arrhythmia 
suppression for 2 weeks. Patients with an LVEF >40% 
maintained arrhythmia suppression more frequently (p = 
0.04). Serious complications of antiarrhythmic drug ther- 
apy occurred most frequently in the 61 patients with an 
LVEF <30% (15 vs 2.1%, p = 0.005). The frequency of 
patients developing sudden cardiac death or congestive 
heart failure while taking antiarrhythmic therapy within 
2 weeks was 8 times more frequent in patients with an 
LVEF <30% (p = 0.003).3” Our data suggest that even in 
the patient population with asymptomatic or mildly 
symptomatic potentially lethal ventricular arrhythmias, 
VPC suppression often is not maintained for even 2 
weeks, is of unproved benefit, and is itself potentially 
lethal. Based on our study, we believe that a treatment 
strategy of arrhythmia suppression is not justified in this 
population until it is shown to improve prognosis, as the 
risk is substantial and the benefit of arrhythmia suppres- 
sion has not been proved.?’? Our data emphasize the 
importance and validity of the approach taken in the 
CAST. 

In his review of the databases from both flecainide 
and encainide, Morganroth?* concluded that proarrhyth- 
mic events are much more likely to occur in the setting of 
structural heart disease, sustained VT, inpatient initia- 
tion of therapy, and large-dose escalation of class IC 
drugs. What is not so clear is why, given the large experi- 
ence in the 2 United States databases (flecainide, n = 
1,330; encainide, n = 1,755), was such a large proar- 
rhythmia not previously detected or at least suspected? 
After all, this combined experience (>3,000 patients) 
exceeds the size of the CAST encainide/flecainide group 
fourfold. The CAST population was classified as a poten- 
tially lethal group; yet the CAST encainide/ flecainide 
population had a 7.7% total mortality and 4.4% arrhyth- 
mic death mortality at 10 months, higher than reported 
even for lethal arrhythmias from the drug database ob- 
servations.*® 

The explanation for this large mortality discrepancy is 
complex and emphasizes the importance of the study 
design of the CAST. A number of confounding variables 
(Table VI) make comparison of various antiarrhythmic 
drugs (safety or efficacy) impossible. A major difference 
from the CAST in the large flecainide/encainide phar- 
maceutical experience was that recent survivors of acute 
MI were almost always excluded except for individual 
“emergency use” circumstances. The CAST population 
was a post-MI group and thus contained many patients 
with symptomatic and silent myocardial ischemia. There 
is another important comparative point. In the flecainide 
database (n = 1,330) experience, 13 of the 14 sudden 
deaths attributed to flecainide occurred in <14 days, a 
commonly used cutoff, beyond which a drug is usually 
not considered proarrhythmic. Minardo et al?’ likewise 
considered drug-associated ventricular fibrillation to be 
an early event (mean 3 days). In contrast, arrhythmic 





deaths in the CAST encainide/flecainide group occurred 
at an increased rate throughout the 10 months compared 
with the placebo group.' This observation challenges our 
conventional wisdom regarding proarrhythmia, suggest- 
ing that new mechanisms leading to arrhythmic death 
may be involved. The last 2 design issues (nos. 11 and 12) 
listed in Table VI were corrected by the CAST, thus 
allowing the detection of this increased mortality.! These 
design features of the CAST amplify the extraordinary 
power of a parallel placebo group to detect an unexpected 
mortality end point. 


SUGGESTED MECHANISM OF ENCAINIDE/ 
FLECAINIDE PROARRHYTHMIA IN CAST 

It has been suggested that the mechanism by which 
antiarrhythmic drugs induce life-threatening ventricular 
arrhythmias is their electrophysiologic effect of slowing 
conduction in diseased myocardium, potentially enhanc- 
ing the possibility of reentrant VT.29 Rinkenberger et al3° 
postulated that antiarrhythmic drugs may facilitate the 
initiation of sustained VT by prolonging activation time 
while only increasing refractoriness minimally, effects 
that might be accentuated during acute ischemia. Rele- 
vant to this point, Nattel et al*° established that pretreat- 
ment with aprindine, in a canine infarct model, greatly 
increases the incidence of sustained VT during acute isch- 
emia compared with no pretreatment. Thus, pretreat- 
ment with an antiarrhythmic drug before coronary occlu- 
sion was “proarrhythmic”; the investigators attributed 
this to the delayed disappearance of aprindine from the 
ischemic zone compared with nonischemic zones.1° 

In a separate trial, Garan et al*! used the 2-week-old 
canine MI model and showed that the induction of 10 
minutes of reversible myocardial ischemia increases the 
incidence of spontaneous ventricular fibrillation from 13 
to 54% when comparing dogs who had sham operations 
with those with permanent left anterior descending coro- 
nary artery occlusion (i.e., after infarction). Perhaps this 
decreased fibrillation threshold during acute ischemia in 
the presence of old infarction is enhanced by the presence 
of certain antiarrhythmic agents in humans as well. In the 
CAST, the risk ratio in the encainide/flecainide-treated 
patients with previous infarction was much higher than 
those without a previous infarct (risk ratio = 5.1 with and 
2.1 without prior MI vs placebo).! Patients randomized in 
the CAST did not have any systematic baseline measure- 
ment of exercise-induced ischemia, making retrospective 
assessment of that risk factor difficult. But clearly, tradi- 
tional concepts of proarrhythmia (occurring very early in 
sicker patients) do not fit the CAST observations and 
require a fresh look at our preconceptions. Animal mod- 
els (especially the healed infarct model with induced isch- 
emia)! seem an ideal fertile soil for new conceptual 
growth and a reasonable area in which to conduct (per- 
haps require?) antiarrhythmic drug testing. 


CONTINUATION OF CAST 

Do the results of the CAST prove that there is no 
benefit to arrhythmia suppression in patients with ven- 
tricular arrhythmia surviving acute MI? This is clearly 
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TABLE VII Power and Sample Size Computations for 
Varying Placebo Mortality Rates 


3-Year Placebo Sample Size 
Arrhythmic with 
Death Rate Power = 0.85 


* CAST (observed). 
' CAST (predicted) (see text for discussion). 
Assumptions: desired efficacy = 30%; 1-sided p a = 0.025; 3-year follow-up. 


not the message of the interim results of the CAST. 
Although VPC suppression may be necessary to reduce 
arrhythmic death in patients like those in the CAST, 
alone, it is not necessarily sufficient. The CAST is con- 
tinuing to enroll patients to test the VPC suppression 
hypothesis with antiarrhythmic drugs other than the type 
IC agents (currently, moricizine, and perhaps adding oth- 
ers). It is clear from the previous discussion that a fairly 
large body of information has been accumulated about 
the risk of encainide and flecainide. Thus, the possibility 
exists that this mortality increase is unique to the type IC 
agents. 

Based on the interim analysis of the placebo group in 
the CAST, it would have been difficult for any antiar- 
rhythmic drug to show a clear benefit compared with 
placebo in reducing arrhythmic death mortality. It is 
difficult to reduce a 1.2% arrhythmic death rate at 10 
months. Table VII presents the power and sample size 
computations for a range of placebo mortality rates over 
the projected 3-year follow-up period of the CAST. If 
patients taking placebo only have an arrhythmic death 
rate of 1.5% in 1 year (the reported CAST result extrapo- 
lated from 10 months to 1 year), a 30% treatment benefit 
could only be detected with a power of 0.48 in a trial of 
4,400 patients. Conversely, a clinical trial would require a 
sample size of 11,165 patients to detect a 30% reduction 
in arrhythmic death with a power of 0.85 if arrhythmic 
deaths occurred only at a 1.5% annual rate for 3 years. 
Thus, the unanticipated low placebo mortality rate led to 
the underpowering of CAST, crippling its ability to de- 
tect the treatment difference for which it was designed. 

As a result, a number of changes in eligibility criteria 
have been incorporated into the CAST in order to ran- 
domize patients at higher risk. Although the qualifying 
arrhythmia remains the same, LVEF must be lower 
(<40%), the open-label titration phase (in which there 
was a large loss of analyzable mortality) has been 
changed to incorporate a placebo group, and the CAPS 
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entry window has been narrowed to the high-risk period 
(<90 days). These alterations in the CAST study design 
should allow for the detection of a 30% reduction in 
arrhythmic death if arrhythmia suppression by other 
antiarrhythmic drugs is truly beneficial in the CAST 
population. 


CLINICAL IMPLICATIONS OF CAST 

Perhaps we should incorporate long-held knowledge 
about risk stratification after MI to our clinical approach 
to arrhythmias: i.e., that the risk of arrhythmic death is 
related to the ventricular arrhythmia, left ventricular 
function and detectable myocardial ischemia. A unified 
research effort and clinical approach is necessary (per- 
haps we should become “lumpers” rather than “split- 
ters”). A myopic view focused on arrhythmia evaluation 
and suppression without optimally treating both ischemia 
and left ventricular dysfunction has thus far not proved 
beneficial. Clinicians should consider a comprehensive 
strategy that addresses all 3 risk areas, with a healthy 
skepticism of using antiarrhythmic agents in patients 
similar to those in the CAST.!3” 

The CAST documents that patients with VPCs post- 
MI who are =90 days after infarct or whose LVEF is 
preserved have a low arrhythmic death risk. Other than 6 
blockers, antiarrhythmic drugs should not be given to 
such asymptomatic patients. The CAST results cannot be 
extrapolated to support such a pessimistic approach in 
symptomatic patients or in those with sustained VT or a 
history of cardiac arrest in whom drug therapy is useful, 
and drug selection should be performed using pro- 
grammed electrical stimulation. 

What should the clinician do with patients presenting 
with complex ventricular arrhythmias and left ventricu- 
lar dysfunction who have survived acute MI? The only 
proved beneficial therapy is the use of 8 blockers (pro- 
pranolol, timolol, metoprolol and atenolol).8-!2 Unfortu- 
nately, many such patients cannot tolerate 6 blockers. 
Not only is antiarrhythmic therapy of unproved benefit in 
this population, but also the type IC agents have in- 
creased sudden death mortality. The empiric use of anti- 
arrhythmic drugs other than 6 blockers in this group is 
therefore not warranted.'3’ The continuation of the 
CAST offers the best hope for obtaining objective infor- 
mation that may identify a successful treatment strategy 
in this population, which remains at increased risk for 
arrhythmic death. 
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A Perspective on Ventricular Arrhythmias: 
Patient Assessment for Therapy and Outcome 


Albert L. Waldo, MD, Richard W. Henthorn, MD, and Mark D. Carlson, MD 


Se Se ac OS aS a A Sue Meine eS 
Clinical management of patients with ventricular 
arrhythmias continues to evolve. It is generally 
accepted that patients with sustained ventricular 
tachyarrhythmias (ventricular tachycardia [VT] or 
fibrillation) require treatment. It is also generally 
accepted that patients with frequent or complex 
ventricular ectopy or nonsustained VT, in the ab- 
sence of underlying heart disease, do not require 
treatment unless relief of symptoms is warranted. 
Whether patients with frequent or complex ventric- 
ular ectopy or nonsustained VT require treatment 
in the presence of underlying organic heart disease 
remains uncertain. The concern is that these ven- 
tricular arrhythmias may be a precursor for sus- 
tained, potentially life-threatening ventricular 
tachyarrhythmias. Available data suggest that pa- 
tients with underlying heart disease, particularly 
coronary artery disease and a previous myocardial 
infarction, who manifest frequent or complex ven- 
tricular ectopy or nonsustained VT are at increased 
risk for sudden cardiac death. However, no studies 
have shown that treatment of these arrhythmias 
will affect outcome. Data are accumulating to sug- 
gest that use of the principles of risk stratification 
permits identification of patients at very high risk 
for developing sustained ventricular tachyarrhyth- 
mias. Carefully designed clinical trials are required 
before one can provide firm guidelines for the man- 
agement of these patients. Nevertheless, when sev- 
eral risk factors for sudden cardiac death (e.g., ab- 
normal ejection fraction, a late potential on a sig- 
nal-averaged electrocardiogram, and frequent or 
complex ventricular ectopy or nonsustained VT) are 
present in a patient, especially after a recent myo- 
cardial infarction, invasive electrophysiologic test- 
ing may help identify those who need treatment 
(sustained VT is inducible) and those who do not 
(no sustained VT is inducible). 

(Am J Cardiol 1990;65:30B-35B) 
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phenomenon. They may occur in many forms, 

including ventricular premature complexes 
(VPCs) with variable frequency, nonsustained ventricu- 
lar tachycardia (VT), sustained VT and ventricular fi- 
brillation. These arrhythmias run the gamut from asymp- 
tomatic and benign to symptomatic and life threatening. 
The problem is knowing which ventricular arrhythmias 
warrant therapy and which do not. 


À Jentricular arrhythmias are a remarkably common 


VENTRICULAR TACHYCARDIA 
OR FIBRILLATION 

Ventricular fibrillation is not compatible with life. In 
survivors of out-of-hospital ventricular fibrillation, the 
reported recurrence rate is 30 to 40% at 1 year.! There- 
fore, there is no question that this rhythm must be effec- 
tively treated when diagnosed. 

Sustained VT (defined as a rhythm originating in the 
ventricles at a rate >100 beats/min and lasting 230 
seconds, or <30 seconds if requiring intervention)? is 
almost always serious and potentially life threatening, 
especially when it occurs in the presence of underlying 
heart disease. It may be associated with marked hypoten- 
sion or other intolerable symptoms, such as angina pecto- 
ris in patients with coronary artery disease. Furthermore, 
VT may be a precursor to ventricular fibrillation. There- 
fore, patients with sustained VT should be carefully eval- 
uated, and an effective course of therapy established.” 


VENTRICULAR ECTOPY OR NONSUSTAINED 
VENTRICULAR TACHYCARDIA 

Whether or not frequent (26 VPCs/hour) or com- 
plex ventricular ectopy or nonsustained VT (defined as 
>3 VPCs in a row, up to 30 seconds, at a rate of 100 
beats/min)? should be treated is not so clear. The concern 
is that these arrhythmias may act as a trigger or precursor 
for sustained, life-threatening ventricular tachyarrhyth- 
mias. Nevertheless, frequent or complex ventricular ec- 
topy or nonsustained VT may also be benign. Distin- 
guishing patients in whom these arrhythmias are benign 
from those in which the arrhythmias portend more seri- 
ous consequences is a difficult problem. 


WHICH PATIENTS NEED TREATMENT? 

In the absence of underlying organic heart disease, 
frequent or complex ventricular ectopy or nonsustained 
VT are probably not associated with a significant inci- 
dence of serious or life-threatening ventricular arrhyth- 
mias.4 In fact, because of the potential for drug-induced 
proarrhythmia in these patients, treating the arrhythmia 





may pose a greater risk than no treatment. Proarrhyth- 
mic rhythms may include life-threatening VT or ventric- 
ular fibrillation. Therefore, for patients in this category, it 
is generally accepted that treatment with antiarrhythmic 
agents is best avoided unless relief of the symptoms war- 
rants the risk of proarrhythmia. | 

Epidemiologic background: The problem is in pa- 
tients who present with frequent or complex ventricular 
ectopy or nonsustained VT in the presence of underlying 
organic heart disease, especially coronary artery disease 
with a previous myocardial infarction (MI). As summa- 
rized recently, numerous epidemiologic studies have 
shown that frequent or complex ventricular ectopy or 
nonsustained VT in patients with a prior MI are indepen- 
dent markers of an increased risk for sudden cardiac 
death.” This concern has influenced physician practice 
patterns, and has generated numerous drug treatment 
trials. It has also led to the recent Cardiac Arrhythmia 
Pilot Study° and the Cardiac Arrhythmia Suppression 
Trial (CAST),’ clinical trials designed to address the 
question of whether or not suppression of frequent or 
complex ventricular ectopy and nonsustained VT will 
affect outcome in patients with a recent MI. 

Pathophysiologic background: A part from the epide- 
miologic evidence, there is a pathophysiologic basis for 
these concerns. It is now well recognized that most life- 
threatening ventricular tachyarrhythmias are caused by 
reentrant rhythms. VT is usually due to so-called ordered 
reentry, and ventricular fibrillation to what is termed 
random reentry. A trigger is almost always required for 
the initiation of reentrant rhythms. For ventricular tachy- 
arrhythmias, the trigger is usually a VPC (or VPCs). 
Should the wave front from the VPC(s) encounter an 
area of unidirectional block, the wave front may travel 
around the area of block (Fig. 1). When the electrophysi- 
ologic (EP) and anatomic parameters are such that the 
impulse can travel around the block and reenter from the 
opposite side (usually via an area of slow conduction), the 
impulse can then generate a reentrant beat that, when it 
travels around the reentry circuit continuously, generates 
a tachycardia (Fig. 2). When multiple reentrant circuits 
are generated, fibrillation occurs.? 

Understanding the pathophysiology of reentrant 
rhythms is also a prerequisite for understanding the basis 
of effective treatment of ventricular tachyarrhythmias. 
Theoretically, these life-threatening rhythms can be pre- 
vented by (1) suppressing the trigger(s) (e.g., with antiar- 
rhythmic therapy); (2) affecting the EP parameters of 
the abnormal anatomic substrate so that it will no longer 
Support a reentrant rhythm (e.g., with antiarrhythmic 
drug therapy or by ablating ventricular tissue responsible 
for generating the tachycardia, using either an electrode 
catheter technique or an open heart surgical procedure); 
or (3) surgically excising the abnormal anatomic sub- 
strate responsible for the reentrant circuit. 

A major point in understanding the pathophysiology 
of serious or life-threatening ventricular tachyarrhyth- 
mias is that, hypothetically, if one suppresses the trig- 
ger(s), such arrhythmias may not be precipitated. Fur- 
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FIGURE 1. Representation of the onset of ventricular tachy- 
cardia due to reentry. A wave front from a premature beat 
(solid arrows) encounters an area of unidirectional block 
(bars). The wave front travels around both sides of the area of 
unidirectional block so that it subsequently activates the area 
behind the region of block after traveling through an area of 
slow conduction (box, the dashed serpentine line in the box 
indicating slow conduction of the wave front). Conduction 
around the region of unidirectional block, and then through 
the area of slow conduction, takes sufficiently long that when 
the activation wave front reaches the area of the original block 
(this time, from the opposite direction), the tissue on the other 
side of the block has had time to repolarize. The wave front 
then is conducted through the area of previous unidirectional 
block, initiating a sustained reentrant rhythm (see Fig. 2). 


FIGURE 2. Representation of a figure-of-8 loop reentry circuit 
during sustained spontaneous ventricular tachycardia, the on- 
set of which was illustrated in Figure 1. The area of unidirec- 
tional block is no longer illustrated, as the wave front has exit- 
ed the area of slow conduction (solid lines with arrow) to trav- 
el around (reenter) the reentrant circuit. Dashed lines indicate 
the subsequent route of the reentrant wave front. 
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thermore, antiarrhythmic drug therapy used to suppress 
the trigger(s) may also favorably affect the abnormal 
anatomic substrate that had been supporting the reentry 
circuit. As reasonable and logical as this hypothesis is, it 
remains unproven.!° Some studies have indicated that 
although antiarrhythmic drug treatment in such patients 
may protect against sudden cardiac death, it may also 
increase mortality. The CAST clearly showed that for 
patients with frequent ventricular ectopy (=6 VPCs/ 
hour) or nonsustained VT (<14 beats ina row at arate of 
>120 beats/min) and a recent MI (6 days to 2 years), 
treatment with either encainide or flecainide was associ- 
ated with about a 3:1 risk ratio for death from arrhythmia 
or cardiac arrest, compared with a placebo-treated 
group.’ Before the CAST, there was a hint of this poten- 
tial outcome. A retrospective study by Rapaport and Re- 
medios!! of high-risk patients after recovery from MI 
showed that not only was complex ventricular ectopy a 
significant marker for mortality, but that mortality was 
higher in the patients who received antiarrhythmic drug 
therapy than in those who did not receive such therapy. In 
addition, 2 large, double-blind, placebo-controlled stud- 
:es!213 to assess antiarrhythmic efficacy and tolerance of 
mexiletine in patients thought to be at risk for sudden 
cardiac death after MI showed significant suppression of 
ventricular ectopy in treated patients. However, there 
was an associated increased incidence (only a trend; not 
statistically significant) in mortality in those treated com- 
pared with placebo controls. 

Ehlarrar et al!4 demonstrated that dogs treated with 
aprindine before creation of an acute MI have a signifi- 
cantly higher incidence of ventricular tachyarrhythmias 
than those that receive aprindine only after MI. The 
implication of this study is that myocardial ischemia or 
infarction in the presence of an antiarrhythmic drug may 
predispose to the very arrhythmia that the drug is meant 
to prevent. 

The advent of aggressive thrombolytic therapy and 
early revascularization (angioplasty and coronary artery 
bypass graft surgery) to relieve ischemia may have al- 
tered the significance of ventricular ectopy or nonsus- 
tained VT after MI. The epidemiologic studies that iden- 
tified VPCs or nonsustained VT as independent markers 
of an increased risk for sudden cardiac death may not be 
relevant in patients who undergo these therapies. Thus, 
new epidemiologic studies to assess the predictive value of 
frequent or complex ventricular ectopy or nonsustained 
VT as an independent marker of sudden cardiac death 
may be needed. In fact, the CAST may have given some 
indication of this, because death from arrhythmia or sud- 
den cardiac arrest was only 1.2% in the placebo-treated 
patients. No patient who was treated with thrombolytic 
therapy died during qualifying MI, nor did any patient 
whose qualifying Holter monitor examination was ob- 
tained =90 days after MI. 

How then does one decide which patients with ventric- 
ular ectopy or nonsustained VT should be treated? For 
patients with no associated organic heart disease, there is 
a sound basis for recommending no treatment unless war- 
ranted by symptoms. For patients with frequent or com- 
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plex ventricular ectopy or nonsustained VT associated 
with organic heart disease, a group constituting most of 
those seen in clinical practice, no clear recommendation 
can be made. Although they may be at increased risk for 
sudden cardiac death, antiarrhythmic drug therapy has 
not been shown to reduce mortality in these patients. 
The remaining problems are identifying those at high risk 
for developing a sustained ventricular tachyarrhythmic 
event and finding effective therapy that will improve out- 
come for such patients. It is anticipated that future stud- 
ies will provide better solutions for these problems. Until 
then, all else is speculation. Nevertheless, it seems a valid 
assumption that some of these patients should be treated. 
A reasoned approach to defining which of these patients 
might benefit from antiarrhythmic therapy, based on 
available data for identifying patients at high risk for 
sustained ventricular tachyarrhythmia and sudden cardi- 
ac death, is offered in the next section. 


RISK FACTORS FOR SUDDEN 
CARDIAC DEATH 

In addition to associated organic heart disease, several 
other factors are predictors of sudden cardiac death in 
patients with frequent or complex ventricular ectopy or 
nonsustained VT. Left ventricular systolic function is an 
important independent predictor of mortality in these 
patients. Thus, patients with severe heart failure or a 
decreased left ventricular ejection fraction are at in- 
creased risk for sudden cardiac death.!5 Patients with 
evidence of myocardial ischemia (by history or exercise 
testing) or with a late potential on a signal-averaged 
electrocardiogram (ECG) after a prior MI are also at 
increased risk for serious or life-threatening ventricular 
arrhythmias.!5-2! Therefore, in assessing risk for sudden 
cardiac death, one should (1) obtain a thorough history, 
including data about the presence of organic heart disease 
and associated symptoms; (2) perform a complete physi- 
cal examination, with particular attention to cardiac and 
hemodynamic status; and (3) obtain appropriate labora- 
tory data. Laboratory data can be subdivided into nonin- 
vasive and invasive procedures. 

Noninvasive laboratory procedures: The routine 
chest x-ray provides some useful information about 
chamber enlargement, valvular heart disease, and the 
presence of heart failure. The 12-lead ECG is mandatory 
and may demonstrate or suggest a number of important 
abnormalities, including myocardial ischemia, previous 
MI, ventricular aneurysm, left ventricular hypertrophy, 
and cardiac conduction or serum electrolyte abnormali- 
ties. Abnormalities of the PR interval, QRS complex 
duration and QT interval may indicate high risk for a 
rhythm disturbance, especially in patients taking car- 
dioactive drugs. 

A 24-hour Holter monitor should be obtained to 
quantify the frequency and characterize the nature of 
ventricular ectopy. The presence of consecutive beats and 
nonsustained VT should be noted. The rate, duration and 
morphology of nonsustained VT may also have important 
therapeutic implications. In addition, the Holter monitor 
may document overt or silent ischemia. 





Left ventricular ejection fraction may be determined 
noninvasively by a gated blood pool scan or an echocar- 
diogram. Although the gated blood pool scan often pro- 
vides a better estimate of global left ventricular systolic 
function, the echocardiogram may be better for diagnos- 
ing specific cardiac abnormalities, such as valvular heart 
disease and hypertrophic cardiomyopathy. Left ventricu- 
lar segmental wall motion abnormalities can be deter- 
mined by either technique. Echo-Doppler and magnetic 
resonance imaging techniques can also be used to charac- 
terize underlying cardiac abnormalities. 

Exercise-induced myocardial ischemia can best be 
demonstrated by an exercise tolerance test. Intravenous 
thallium-131 images are useful when repolarization ab- 
normalities are present on the baseline 12-lead ECG or 
when one wishes to determine the extent of myocardium 
at risk for infarction. An echocardiogram obtained imme- 
diately after exercise can also accomplish this task, and 
may be more sensitive for ischemia than the ECG. For 
patients unable to exercise, dipyridamole may be admin- 
istered intravenously or orally in association with thalli- 
um to demonstrate hemodynamically significant coro- 
nary artery disease. 

Because abnormalities of serum potassium, calcium 
and magnesium may predispose to serious or life-threat- 
ening arrhythmias, serum electrolytes should be deter- 
mined in nearly all patients with ventricular ectopy. Plas- 
ma levels of drugs that affect cardiac rhythm or conduc- 
tion should be obtained. This is particularly important 
because of potential proarrhythmic effects associated 
with abnormally high levels of these drugs. 

In certain patient groups, the signal-averaged ECG 
may predict those at high risk for sudden cardiac 
death.'’:'* This test averages between 100 and 400 heart 
beats, thus reducing random noise and permitting ampli- 
fication and identification of low-amplitude electrical sig- 
nals. Late potentials are low-amplitude electrical signals 
that occur at the terminal portion of the QRS complex on 
the signal-averaged ECG but are not apparent on the 12- 
lead ECG. Late potentials are associated with an in- 
creased risk for spontaneous and inducible ventricular 
tachyarrhythmias, particularly in patients with coronary 
artery disease and previous MI.!7-?! In the latter patients, 
the absence of late potentials on the signal-averaged ECG 
may be of equal or even greater value, because it indicates 
a low likelihood of subsequent development of a sustained 
ventricular tachyarrhythmia. !7-?! 

Invasive laboratory procedures: Although noninva- 
sive laboratory tests provide important anatomic and 
physiologic information, invasive studies are sometimes 
necessary to characterize further the underlying organic 
heart disease or ventricular arrhythmias. Indications for 
cardiac catheterization for patients with frequent or com- 
plex ventricular ectopy or nonsustained VT are similar to 
those for patients without ventricular arrhythmias. Pa- 
tients thought to have significant coronary artery disease, 
valvular heart disease, or a cardiomyopathy that may be 
causing or aggravating ventricular arrhythmias should be 
considered for cardiac catheterization, particularly when 
the disease may be surgically corrected. When myocardi- 
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al ischemia is strongly suspected, cardiac catheterization 
may be performed in place of a noninvasive evaluation. 

The indications for programmed EP testing are less 
clear. Certainly, programmed EP testing is an accepted 
technique for documenting and characterizing sustained 
ventricular tachyarrhythmias in patients with definite or 
suspected tachyarrhythmias.? Far less is known about the 
use of programmed FP testing in patients who may be at 
increased risk for sudden cardiac death, but who have yet 
to demonstrate a sustained ventricular tachyarrhythmia 
or symptoms (such as syncope) consistent with the possi- 
ble presence of a ventricular tachyarrhythmia. Further- 
more, little information is available to confirm whether 
induction of a sustained ventricular tachyarrhythmia in 
these patients is predictive of subsequent, spontaneous 
occurrences of these arrhythmias. 

It is probable that the inability to induce a sustained 
ventricular tachyarrhythmia in patients with coronary 
artery disease and a prior MI indicates a low likelihood of 
subsequent spontaneous development of such arrhyth- 
mias.”™-2é The ability to induce a sustained ventricular 
tachyarrhythmia, at the very least, suggests that the mi- 
lieu to support a ventricular tachyarrhythmia is present. 
It is a logical, though not proven, extrapolation that spon- 
taneous triggers (e.g., VPCs) might similarly provoke a 
sustained ventricular tachyarrhythmia in these patients. 
The available, limited data support this notion.23-26 

Should all patients with underlying organic heart dis- 
ease and frequent or complex ventricular ectopy or non- 
sustained VT undergo programmed EP testing during 
cardiac catheterization? Obviously, this is not possible, if 
only because of the sheer number of patients involved. 
Perhaps, by applying the principles of risk stratification, 
patients at highest risk can be identified and then consid- 
ered for programmed EP testing to determine if a sus- 
tained ventricular tachyarrhythmia can be induced. 


RISK STRATIFICATION TO 
ASSESS INDICATIONS FOR 
ELECTROPHYSIOLOGIC TESTING 

For patients with coronary artery disease, data are 
accumulating that indicate that patients with a late po- 
tential on a signal-averaged ECG are at high risk for 
both spontaneous and inducible ventricular tachyar- 
rhythmias.'’?! Whether the presence of ventricular ec- 
topy and a late potential on a signal-averaged ECG are 
sufficient to warrant programmed EP testing during car- 
diac catheterization is uncertain, although there is a 
growing body of evidence suggesting that this may be so. 

The combination of a depressed ejection fraction (es- 
sentially <40%), frequent and complex ventricular ec- 
topy, and a late potential on the signal-averaged ECG has 
been shown by Gomes et al!® to be an important predictor 
of outcome. They demonstrated that each of these fac- 
tors, independently, were important; that any 2, in combi- 
nation, were more important; and that when a patient 
with a previous MI had all 3 abnormalities, the event 
rate of subsequent spontaneous sustained ventricular 
tachyarrhythmias was 50%. Data from larger studies are 
needed in order to weigh these risk factors with more 
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certainty. In terms of risk stratification, however, this 
constellation seems to warrant consideration for invasive 
EP testing, although there is no information about the 
inducibility of sustained VT in these patients. 

That inducibility of sustained VT may be high in these 
aforementioned patients is suggested by studies of pa- 
tients with nonsustained VT (variously described as 23 
or >5 VPCs in a row at a rate of either 2100 or 2120 
beats/min for up to 30 seconds) and coronary artery 
disease.24-26 In each of these studies, there was a remark- 
ably high incidence of inducible sustained VT (42.5, 45 
and 37.5%, respectively). Besides nonsustained VT and 
underlying heart disease, left ventricular dysfunction ap- 
peared to be a predictor of VT in these patients.*> One of 
the studies included patients with valvular heart disease, 
but these patients had a low incidence of inducible sus- 
tained VT. Importantly, in 2 of these studies, no subse- 
quent spontaneous sustained VT or sudden cardiac death 
occurred in patients in whom sustained VT was not in- 
duced. There was an important incidence of subsequent 
development of spontaneous sustained ventricular tachy- 
arrhythmia or sudden cardiac death in the patients with 
inducible sustained VT (25, 12 and 41%, respectively), 
but patients with inducible VT seemed to do best when 
treatment was guided by EP testing. 

Because none of these 3 studies was placebo con- 
trolled, neither the incidence of proarrhythmia (clearly, a 
potential outcome of treatment) nor the actual incidence 
of spontaneous, sustained ventricular tachyarrhythmic 
events could be determined. Furthermore, none of these 
studies used electrocardiographic signal averaging, nor 
did they address the extent and treatment of myocardial 
ischemia. Nevertheless, patients who also have a late 
potential on the signal-averaged ECG and an abnormal 
left ventricular ejection fraction (in addition to nonsus- 
tained VT and coronary artery disease) may be expected 
to be at even higher risk for a sustained ventricular tachy- 
arrhythmia or sudden cardiac death. Therefore, in the 
absence of a definitive clinical study, it seems credible to 
suggest, once again, that EP testing is warranted in pa- 
tients with nonsustained VT, a previous MI, a late poten- 
tial on the signal-averaged ECG and an ejection fraction 
<40%. 

Based on available data (and recognizing that the 
definitive study of these patients remains to be done), if 
no ventricular tachyarrhythmia is induced, it is reason- 
able not to treat the patient unless warranted by symp- 
toms. What then if a sustained ventricular tachyarrhyth- 
mia is sustained? Because there are no data on which to 
base firm recommendations, we can only suggest that a 
reasonable case can be made to initiate treatment. 


ASSESSMENT OF THERAPY 

There is a widely held belief that, in patients who 
present with suspected or overt VT or ventricular fibrilla- 
tion, programmed EP testing is indicated not only to 
characterize the arrhythmia,’ but also to guide therapy.’ 
Whether quantitative serial Holter monitoring with or 
without exercise testing can be used in place of pro- 
grammed EP testing to guide effective therapy is not yet 
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clear. The study of Mitchell et al? suggests that in pa- 
tients with a documented ventricular tachyarrhythmia, 
therapy guided by programmed EP testing is more effec- 
tive than when guided by Holter monitoring, even when 
ventricular ectopy is sufficiently frequent to provide an 
end point (suppression of the ectopy). Also, as empha- 
sized by Pratt et al,”? many patients with life-threatening 
ventricular tachyarrhythmias have surprisingly little ven- 
tricular ectopy, making 24-hour ambulatory electrocar- 
diographic monitoring as a guide for effective therapy 
very difficult if not impossible. However, as evidenced by 
the need for the Electrophysiologic Study Versus Electro- 
cardiographic Monitoring (ESVEM) trial (a multicenter 
study comparing efficacy of treatment of sustained ven- 
tricular tachyarrhythmias guided by EP testing vs quan- 
titative 24-hour Holter monitoring)*° and by data from 
other studies,! Holter monitoring may still be a useful 
guide to therapy in selected patients. When the ESVEM 
study is concluded, it should provide sufficient, systemati- 
cally obtained data from a large enough number of pa- 
tients to make a definitive statement about the value of 
Holter monitoring. In the meantime, available studies 
suggest that both techniques are useful to guide therapy 
in patients with documented, sustained ventricular tachy- 
arrhythmias, although programmed EP testing provides 
more reliable predictors of therapeutic efficacy. How- 
ever, there are some data suggesting that once VT is 
induced and characterized, neither EP testing nor Holter 
monitoring may be required to assess therapy.’ 

It is a reasonable extrapolation that the aforemen- 
tioned considerations for patients with sustained VT 
should hold for patients who present with frequent or 
complex ventricular ectopy or nonsustained VT and in 
whom a sustained ventricular tachyarrhythmia is in- 
duced during EP testing. It is important to reemphasize 
that no study has shown that antiarrhythmic drug thera- 
py improves outcome in these patients, regardless of the 
guidelines. Certainly, the CAST has shown that Holter 
monitor-guided suppression of these arrhythmias with 
either encainide or flecainide in patients with a recent MI 
results in an increased risk of sudden cardiac death, com- 
pared with a placebo-treated group.’ Although these re- 
sults may prove to be drug specific, it nevertheless indi- 
cates that suppression of ventricular ectopy and nonsus- 
tained VT in patients with a recent MI does not improve 
outcome as such. The data also indicate that more infor- 
mation is required from clinical trials before treatment 
recommendations can be made that are not based on 
speculation, reasonable though it may appear. 


CONCLUSION 

Clearly, patients who present with sustained VT and 
patients who survive ventricular fibrillation should re- 
ceive antiarrhythmic therapy. Patients without underly- 
ing heart disease who have ventricular ectopy short of a 
sustained ventricular tachyarrhythmia should not be 
treated unless the symptoms are severe enough to warrant 
the risks of the treatment itself. A large group of patients 
still remain who have ventricular ectopy with or without 
nonsustained VT in the presence of underlying heart dis- 





ease, but who have not manifested VT or ventricular 
fibrillation. The concern is that these patients may be at 
increased risk for sudden cardiac death. 

Available data suggest that there are some important 
markers for patients with underlying heart disease (espe- 
cially coronary artery disease) who are at increased risk 
for sudden cardiac death. These include a previous MI, 
myocardial ischemia, nonsustained VT, frequent or com- 
plex ventricular ectopy, abnormal ejection fraction, and 
the presence of a late potential on the signal-averaged 
ECG. Currently, there are many uncertainties about how 
to manage such patients. It would seem, however, that 
when several risk factors for sudden cardiac death are 
present in the same patient (namely an abnormal ejection 
fraction, a late potential on a signal-averaged ECG, and 
frequent or complex ventricular ectopy or nonsustained 
VT), especially after a recent MI, it is reasonable to 
perform an EP study to determine if a ventricular tachy- 
arrhythmia is inducible, provided one is prepared to act 
on the results of the test. If no sustained ventricular 
tachyarrhythmia is inducible, current data suggest that 
the risk of subsequent, spontaneous sustained ventricular 
tachyarrhythmias is quite low, so that treatment is not 
indicated unless warranted to relieve symptoms. If a sus- 
tained ventricular tachyarrhythmia is induced, interpre- 
tation of the limited available data suggests that it is 
reasonable that this arrhythmia be treated. Such therapy 
should be guided by the same principles used to treat 
patients who present with sustained ventricular tachyar- 
rhythmias. These recommendations are offered with the 
uncertainties that come from the absence of definitive 
data to guide therapy (a clinical trial with a placebo- 
controlled arm is sorely needed), and despite the fact that 
the CAST showed that suppressive treatment is not al- 
ways better. Nevertheless, this group of patients with 
documented inducible, sustained VT at least has a known 
substrate for supporting a sustained ventricular tachyar- 
rhythmia, and risk stratification parameters seem to indi- 
cate that these patients are at considerable risk. 
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Clinical Implications of New Studies in the 
Treatment of Benign, Potentially Malignant and 
Malignant Ventricular Arrhythmias 


Jeffrey L. Anderson, MD 


For purposes of clinical management, ventricular 
arrhythmias have been divided into risk categories 
of benign, prognostically important (potentially ma- 
lignant) and malignant. Benign arrhythmias occur 
in the setting of structurally normal hearts and do 
not require therapy unless associated with debili- 
tating symptoms. Malignant arrhythmias such as 
sustained ventricular tachycardia or fibrillation de- 
serve aggressive therapy to prevent recurrence. 
Arrhythmias occurring in the presence of organic 
heart disease (often ischemic disease) are frequent- 
ly asymptomatic but prognostically important as a 
risk factor for sudden death or cardiac arrest. The 
common empiric practice to treat such arrhythmias 
(by about 40 to 50% of cardiologists in the United 
States) needs to be reassessed in the face of the 
Cardiac Arrhythmia Suppression Trial. For malig- 
nant arrhythmias, class IA agents (procainamide 
and quinidine) continue to be the standard of treat- 
ment, and class IB agents (e.g., mexiletine) may be 
used as alternative or additive therapy. Class IC 
agents are used as second-line therapy, especially 
in the setting of ischemic heart disease. Class il 
therapy with amiodarone is reserved for refractory 
patients because of potential toxicity. Sotalol, a 
new class II-Ill agent, may become a first-line drug. 
For prognostically important arrhythmias, 6 
blockers remain the agents of choice, class IC 
agents are contraindicated, and class IA or IB 
drugs, or both, should be used conservatively (i.e., 
only for symptomatic arrhythmias). For symptom- 
atic but benign arrhythmias requiring treatment, 
8 blockers are safe although not always effective. 
Class IA, IB and IC agents may then be considered. 
In these patients, the proarrhythmic potential of 
quinidine and class IC agents remains a concern. 
Better tolerated and safer drugs are needed for 
symptomatic arrhythmias. Some promising class I 
drugs under development include moricizine, pir- 
menol and recainam. Treatment algorithms will 
evolve as new study results and new drugs become 
available. 

(Am J Cardiol 1990;65:36B—42B) 
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of mortality in the Western World, occurring in 

approximately 350,000 persons per year in the 
United States, has been widely known in the medical 
community for more than a decade.' Electrocardiograph- 
ic recordings during and shortly after collapse have 
shown that a ventricular tachyarrhythmia (usually, ven- 
tricular tachycardia [VT]) degenerating to ventricular 
fibrillation (VF) is the associated rhythm disturbance in 
>80% of cases.23 Therapeutic approaches have included 
resuscitation strategies (effective in only about 20%) and 
identification of patients at high risk who may potentially 
benefit from prophylactic treatment. 

Patients with a history of myocardial infarction (MI) 
are an important group at increased risk. Ventricular 
arrhythmia was the first risk factor to be identified 
among these patients.*° Studies in this decade have also 
shown the important contribution of left ventricular dys- 
function and have confirmed an independent (two- to 
threefold) contribution of ventricular premature com- 
plexes (VPCs) to both arrhythmic and total cardiac 
death.’-° Reduction of this excess risk has been the objec- 
tive of recent clinical trials. Although these trials have 
focused primarily on the testing of antiarrhythmic drugs, 
it is now clear that there are multiple initiating factors for 
sudden cardiac death, including ischemia, a metabolic or 
neurogenic imbalance, ventricular dysfunction and ven- 
tricular arrhythmias.!®!! Thus, it appears likely that anti- 
arrhythmic therapy for “prognostically important” ar- 
rhythmias, even if successful, will be only a partial solu- 
tion. 


T hat sudden cardiac death is the most common cause 


CLASSIFICATION OF VENTRICULAR 
ARRHYTHMIAS INTO RISK CATEGORIES 
Based on their specific prognostic implications, ven- 
tricular arrhythmias may be clinically classified as acute 
or as 1 of 3 chronic types: benign, prognostically impor- 
tant (or potentially malignant) and malignant (or le- 
thal).!2:!3 Risk classification depends not only on the pre- 
senting arrhythmia but also on the presence and degree of 
underlying cardiac disease (Table I). Treatment objec- 
tives differ by category.'4 In the benign class, arrhyth- 
mias are brought to medical attention because of associ- 
ated symptoms or chance identification during evaluation 
for other reasons. Further assessment shows absent or 
minimally associated organic heart disease. Because pa- 
tients with these arrhythmias generally have a favorable 
outcome, treatment is recommended only if there are 
significant, persistent, associated symptoms.!° Malignant 





TABLE I Clinical Classes of Chronic Ventricular Arrhythmias 


Arrhythmia Categories 


Sr er rp LE END SRC oe OS ae ey 


Risk of SCD 
Organic heart disease 
Presenting arrhythmia 


Minimal 
Minimal 
VPCs, occ. Cps, 
rare salvos 
Reassure, 
relieve symptoms 


Treatment objective 


Prognost. Important Malignant 


Moderate to high Highest 
+ + (EF often low, <40%) 
VPCs, often Cps, Hx VTs/VF, variable 
salvos, VTu chronic VPCs, Cps, VTu 
Relieve symptoms, Relieve symptoms, 
prevent SCD prevent recurrent VT, 
VF, SCD 


Cps = couplets; EF = ejection fraction: Hx = history; occ. = occasional: Prognost. = prognostically; SCD = sudden cardiac death; VF = ventricular fibrillation; VPCs = ventricular 
premature complexes; VT = ventricular tachycardia; VTs = sustained VT: VTu = unsustained VT. 


arrhythmias such as sustained VT or VF are associated 
with important symptoms, including presyncope, syncope 
or cardiac arrest. Most patients (80 to 90%) have severe 
organic heart disease (e.g., cardiomyopathy, valvular dis- 
case, or, most often, coronary artery disease), often with 
substantial left ventricular dysfunction (ejection fraction 
<40%). Because the recurrence rate of these arrhythmias 
is high (20 to 40% in the first 1 to 2 years),!-!6 aggressive 
prophylactic treatment is indicated unless the arrhyth- 
mias occur as the result of a transient precipitating factor, 
such as acute MI. Randomized, placebo-controlled trials 
are not available to guide treatment strategies in patients 
with malignant arrhythmias. However, observational 
Studies have suggested a better prognosis in patients “re- 
sponding” to their treatment regimens, as assessed by 
either noninvasive monitoring or electrophysiologic test- 
ing, !7-19 

Patients with prognostically important arrhythmias 
form an important but difficult group from a manage- 
ment standpoint. They represent perhaps 10 to 20% of 
patients seen by the general practitioner and about 50 to 
60% of those coming to the attention of the cardiologist. 
There is agreement that management of this group 
should include treatment of underlying disease and that 
antiarrhythmic therapy should be initiated if debilitating 
symptoms are present (the minority). However, the use of 
antiarrhythmic therapy in this group for the purpose of 
trying to prevent sudden cardiac death is controversial. 

Acute arrhythmias occur during intercurrent illness 
(including MI), the perioperative period, and with many 
acute cardiac or systemic diseases. Such arrhythmias of- 
ten deserve treatment for a limited time period (until the 
transient factors have resolved) to prevent associated he- 
modynamic consequences or more malignant arrhyth- 
mias. Acute arrhythmias usually are not important in 
determining long-term risk, except in certain cases such 
as VF with anterior MI.20 


CURRENT TREATMENT PRACTICES OF 
CARDIOLOGISTS IN THE U.S.A. 

In 1985, Vlay?! published a survey reporting how 
university cardiologists treated VPCs. Of responding car- 
diologists, 52 to 73% indicated they would treat asymp- 
tomatic patients with frequent or complex VPCs occur- 
ring in the convalescent phase of acute MI. We have 
recently surveyed a randomly selected cross section of 
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office-, hospital- and academic-based cardiologists about 
their treatment attitudes.2? There was a consensus re- 
garding treatment for benign and malignant ventricular 
arrhythmias (the “end of the spectrum”) but controversy 
about patients with potentially malignant arrhythmias 
(Table IT). In patients with no heart disease and asymp- 
tomatic VPCs, only 1% of cardiologists routinely pre- 
scribed antiarrhythmic agents in 1988, compared with 
100% who would treat patients with symptomatic sus- 
tained VT. An increasing number of cardiologists elected 
to prescribe therapy for patients with asymptomatic 
VPCs when these patients developed progressively more 
advanced cardiac disease, coexisting unsustained VT or 
associated symptoms. Subgroups in the potentially malig- 
nant group, including acute MI within 6 months or coro- 
nary artery disease with depressed ejection fraction (simi- 
lar to those recruited for the Cardiac Arrhythmia Sup- 
pression Trial [CAST]), were treated by 38 to 79% of 
cardiologists (average 45 to 50%), even though they were 
asymptomatic. Beta blockers were most frequently se- 
lected as the appropriate agent for first-line therapy (80% 
of responses), followed by class I agents (41 to 78% re- 
sponse rates). Widespread use of this empiric approach-to 
treatment emphasizes the importance of CAST results. 


RESULTS AND IMPLICATIONS FROM CAST 
AND OTHER DRUG TRIALS 

A review of early trials of class I antiarrhythmic 
agents in postinfarction patients does not provide support 
for an overall survival advantage to therapy.” However, 


TABLE Il Treatment Patterns of United States Cardiologists 
(1988) Before CAST 


% Cardiologists Routinely Treating 
Arrhythmias 


Symptomatic 


Asymptomatic 


Cardiac Status VPC VTu 


No heart disease 
CAD (EF >40%) 
CAD (EF <40%) 
AMI in <6 months 
AMI = acute myocardial infarction; CAD = coronary artery disease; other abbrevia- 


tions as in Table |. 
Adapted from Am J Cardiol.22 


37B 





A SYMPOSIUM: THE CARDIAC ARRHYTHMIA SUPPRESSION TRIAL 


TABLE Ill Effects of Encainide and Flecainide on Mortality* After Myocardial Infarction in the CAST?8 


Arrhythmic Death/Cardiac Arrest Rates 


i 


Relative Risk 


Placebo 
(%) 


Enc. /Flec. 
(%) 


Subgroup 


(No. of Pts.) (C.l.) 


Overall (1,455) 
Selected subgroups 
Drugs (for EF 230%) 
Enc. or placebo (611) 
Flec. or placebo (624) 
Ejection fraction 
<30% (220) 2.7 
>30% (1,235) 4.5 
History of prior MI 
+ (522) S 
O (918) : 2.1 
Baseline VPCs /hour 
<50 (797) 1.7 
>50 (658) 7.2 


* Average follow-up = 10 months. 


4.6 
4.4 


3.6 (1.7-8.5) 


Total Death / Cardiac Arrest Rates 


Rep ee SR reer eS E A E os SEER o o 
Enc. /Flec. Placebo Relative Risk 
(%) (%) (C13 


2.5 (1.64.5) 
2.6 
2.2 


2.8 
2.4 


4.0 
1.4 


1,7 
3.7 


C.I. = 95% confidence intervals; EF = ejection fraction; Enc. = encainide: Flec. = flecainide; MI = myocardial infarction; VPCs = ventricular premature complexes. 


these studies were fraught with methodologic problems, 
and they yielded varying results.’ Beta blockers form 
the only class of drugs (class II) that have consistently 
demonstrated the potential to reduce total mortality and, 
specifically, sudden death rates in patients after MI.76 
However, 8 blockers have many effects other than antiar- 
rhythmic actions that may be related to their cardiopro- 
tective effects. 


SUMMARY OF CAST 

The most important therapeutic trials in arrhythmia 
patients with coronary artery disease and recent MI are 
the Cardiac Arrhythmia Pilot Study (CAPS) and the 
CAST, both supported by the National Institutes of 
Health.2”.28 Unexpectedly, recruitment for the encainide 
and flecainide arms of the ongoing CAST was discontin- 
ued in April 1989 because of an excess of arrhythmic 
deaths /cardiac arrests (4.5% with encainide or flecainide, 
1.2% with placebo, relative risk 3.6) and total mortality / 
cardiac arrests (7.7% with encainide or flecainide, 3.0% 
with placebo, relative risk 2.5).?* The CAST Safety Mon- 
itoring Board further recommended that the study be 
continued for the third drug, moricizine, which did not 
appear to share the same risk potential. 

Hypotheses for treatment algorithms: Althou gh clin- 
ical trials are not designed to adequately test subgroup 
hypotheses, subgroup analysis can generate useful hy- 
potheses for future testing. In the CAST, an adverse 
therapeutic trend was consistently observed in many sub- 
groups; however, a substantial differential risk was identi- 
fied in some subgroups, including patients with a history 
of prior MI and those with a higher arrhythmia frequen- 
cy at baseline (Table III). Among those with prior MI 
(about one-third of the population), the relative risk of 
treatment for total mortality or cardiac arrest was 4.0, 
and the absolute excess risk was 12.3%. In those without 
prior MI, the relative risk was only 1.4, and the absolute 
risk only 1.1%. 

Possible reasons for the CAST results: The adverse 
therapeutic effects observed in the CAST may be attrib- 
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uted to either a toxic effect of a specific antiarrhythmic 
drug subclass (type IC) or a general class I (sodium- 
channel blocking) drug effect. In terms of the first possi- 
bility, class IC agents are known to have more intense, 
longer-acting effects than other agents.*’ Class IC agents 
also cause high rates of proarrhythmia in patients with 
malignant arrhythmias.*°3! The recommendation of the 
CAST Safety Monitoring Board to continue the morici- 
zine arm suggests that at least this drug has yet to show 
any adverse mortality effect compared with placebo. 
The second possibility is also supported by a number 
of observations. Biostatisticians have emphasized that 
differences in degree are more likely than differences in 
kind when predicting the results of trials in related popu- 
lations or with related treatments.*? The fact that other 
antiarrhythmic trials (with drugs from class [A and IB) 
have not shown consistently beneficial results is notewor- 
thy.23 In 2 trials, e.g., mexiletine (a class IB agent with 
supposedly low proarrhythmic risk) showed an adverse 
trend on mortality,2+33 suggesting that differences in de- 
gree rather than kind may be characteristic of effects of 
class I antiarrhythmic agents on postinfarction risk. 
Possible mechanisms of adverse drug effect on mor- 
tality: Encainide and flecainide may have caused a higher 
than expected death rate in the CAST because of a high 
rate of their typical “proarrhythmia” or because of a 
separate effect, such as a facilitation of VF (“profibrilla- 
tory” effect), perhaps during transient ischemia (reduced 
ischemic VF threshold). Against the first explanation is 
the low net observed rate of drug proarrhythmia in the 
CAPS, in which rates with active drugs were virtually 
identical to rates with placebo.’ Furthermore, the CAST 
was discontinued because of increases in mortality and 
cardiac arrest, not because of monitored proarrhythmia. 


EFFECTS OF ANTIARRHYTHMIC DRUGS 
ON VENTRICULAR FIBRILLATION 
IN ANIMAL MODELS 
In open-chest canine models, the cardiac threshold for 
VE is reduced by acute ischemia and increased by 8- 





TABLE IV Selected Comparisons of the Oral Antiarrhythmic Agents 


Estimated Effectiveness 


B/PI* 
Arrhythm. 
(by HM) 


Malignant? 
Arrhythm. 
(by PES) 


Quinidine 25% 
Procainamide 25% 
Disopyramide (20%)? 
Tocainide 15% 
Mexiletine 20% 
Flecainide 

Encainide 

Beta blockers 

Amiodarone 


Adverse Potential 
Noncardiac Organ 
Side Toxic 
Effects 


Proarrhythmic 
Potential Risk 


Negative 
Inotropy 


++/+++ 
++ 

+4 
+/++ 
+/++ 
+++ 


* Percentage of patients in whom benign (B) or prognostically important (PI) ventricular arrhythmias were reduced >75%, as measured by Holter monitoring (HM). 
' Percentage of patients in whom malignant ventricular tachycardia was suppressed, as measured by programmed electrical stimulation (PES). 


* Often not appropriate for patients with poor ventricular function. 
` Not approved for use in benign or potentially malignant arrhythmias. 


Arrhythm. = arrhythmias; B = benign; HM = Holter monitoring; PES = programmed electrical stimulation; PI = prognostically important; 0 = no risk; + = mild risk; ++ = moderate 


risk; +++ = high risk; ++++ = highest risk. 


blocking therapy.*+35 A reduction in the VF threshold 
after acute MI also correlates with inducibility of sus- 
tained VT or VF in dogs.?5 Rates of canine VF induced by 
coronary ligation are also reduced (by 50%) when sympa- 
thetic nerve traffic is interrupted by sectioning of the 
stellate ganglion.*° Acute ischemia plus superimposed 
sympathetic nerve stimulation (stellate ganglion) results 
in malignant ventricular arrhythmia induction in feline 
models.*’ In this model, Schwartz et al37 showed that 
class I antiarrhythmic drugs (including mexiletine and 
propafenone) fail to prevent, and occasionally exacer- 
bate, these ischemia-related arrhythmias. However, 8 
blocker (class II), amiodarone (class I IT) and verapamil 
(class IV) therapies were effective in arrhythmia preven- 
tion. 

In a more sophisticated sudden cardiac death model, 
fresh ischemia (via coronary thrombosis) was superim- 
posed on old ischemic injury in a distant zone in con- 
scious, ambulatory dogs. Class II and III agents (8 
blockers, bretylium, amiodarone) but not class I agents 
(or selected calcium blockers) were effective in reducing 
the otherwise nearly complete (90 to 100%) mortality 
from VF.29-4 

Importantly, Nattel et al*4 identified an arrhythmo- 
genic effect of class I antiarrhythmic therapy (aprindine) 
in the dog when the drug was administered before coro- 
nary artery occlusion. Seventeen of 34 dogs (50%) receiv- 
ing aprindine before left anterior descending (LAD) cor- 
onary artery occlusion had sustained VT or VF, com- 
pared with 5 of 34 (14%) receiving therapy after LAD 
occlusion (p <0.01), 1 of 11 (9%) undergoing occlusion 
without therapy (p <0.05), and 0 of 16 receiving aprin- 
dine without LAD occlusion (p <0.01). Arrhythmogenic 
effects were ascribed to alterations in regional myocardial 
drug elimination after occlusion in pretreated dogs (isch- 
emic zone concentrations averaged more than twice nor- 
mal zone levels). If clinically applicable, these results 
suggest that adverse effects may be expected with class I 
antiarrhythmic agents (other than just encainide or fle- 
cainide), that treatment must be given before ischemia 
(coronary occlusion) to produce adverse effects (VT or 
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VF), and that these effects may not occur during treat- 
ment in the absence of coronary occlusion. 


IMPLICATIONS OF CAST FOR FUTURE 
ANTIARRHYTHMIC THERAPY 

Therapy for arrhythmias after myocardial infarc- 
tion: A clear implication of the CAST is that patients 
with a recent MI (<2 years) and prognostically impor- 
tant (although usually asymptomatic) ventricular ar- 
rhythmias should not be given therapy with encainide or 
flecainide. Whether other or all drugs with class I antiar- 
rhythmic action increase risk similar to encainide is un- 
known. However, the adverse overall risk ratio of therapy 
in previous trials (most used class IA or IB drugs) appears 
to be lower than in the CAST (approximately 1.1).23 

A review of available antiarrhythmic agents (Table 
IV) suggests that satisfactory, alternative class I thera- 
pies will not be easy to come by in these patients. In our 
pre-CAST survey,” cardiologists rated quinidine as hav- 
ing proarrhythmic effects comparable to encainide and 
flecainide, and an even higher rate of noncardiac and 
organ-toxic adverse effects. The adverse effects of pro- 
cainamide, however, primarily relate to drug-induced lu- 
pus and, rarely, neutropenia. Disopyramide has impor- 
tant negative inotropic and anticholinergic effects. Thus, 
physicians should not assume that available drugs with 
class IA action will be ideal substitutes for encainide and 
flecainide, even in patients with symptomatic ventricular 
arrhythmias. Newer class IA agents, such as pirmenol, 
may be better tolerated.45 

The increased mortality trends observed for treatment 
with mexiletine in patients after MI2433 and the high rate 
of noncardiac adverse effects with mexiletine and tocain- 
ide suggest the need for reserved judgment about the use 
of class IB agents. Thus, of drugs with ventricular antiar- 
rhythmic activity, only those in class II (the 6-blocking 
agents) currently remain.?° Beta blockers continue to be 
the best choice for first-line therapy of potentially malig- 
nant arrhythmias (Table V). Because 8 blockers have 
relatively weak antiectopic effects,!4-46 the approach to 
patients who are unable to tolerate 8-blocking therapy or 
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TABLE V Proposed Treatment Algorithms After CAST 


Asymptomatic, prognostically important ventricular arrhythmias 
Administer 8-blocking therapy 
Refer to CAST Study Center (moricizine) 
(?)Select high-risk patients for individualized therapy 
and electrophysiologic study 
Avoid IC agents; (?) other class | agents 
Malignant arrhythmias 
Class IA agents (procainamide, quinidine) 
Class IB agents (mexiletine) 
Class IA plus IB agents 
Class IC agents 
Amiodarone 
Symptomatic, benign, or prognostically important 
ventricular arrhythmias 
Beta blockers 
Class IA agents (procainamide, quinidine) 
Class IB agents (mexiletine) 
Class IC agents (except for patients with MI and 
possibly other patients with CAD) 


CAD = coronary artery disease; CAST = Cardiac Arrhythmia Suppression Trial; MI 
= myocardial infarction. 


who have no relief of symptoms with it is unclear. Entry 
of such patients into the revised CAST study, which 
includes moricizine (a well-tolerated drug whose mortali- 
ty effects are being carefully followed), appears to be an 
appealing alternative for these patients with asymptom- 
atic arrhythmias. 

Treatment of malignant arrhythmias: Before the 
CAST results, the known proarrhythmic effects of class 
IC therapy in patients with malignant arrhythmias?! 
had led to their proposed use as second-line therapy in 
these patients.4°47 After the CAST, the initial selection of 
class IA, class IB or combined class IA and IB agents as 
the initial approach (often in combination with B-block- 
ing therapy, when appropriate) continues to be preferred 
(Table V), even though an increased concern about previ- 
ously unsuspected adverse effects of class I agents has 
been raised by the CAST. 

Treatment of symptomatic, benign arrhythmias: The 
use of class IC agents, in particular, and class I agents, in 
general, for treating symptomatic but prognostically be- 
nign ventricular arrhythmias is difficult to resolve. Cer- 
tainly, safety concerns should reemphasize the avoidance 
of therapy in patients with asymptomatic or mildly symp- 
tomatic arrhythmia. In those with severe, debilitating 


TABLE VI Proposed Approach for Selecting and Treating 
Postinfarction Patients at Risk for Sudden Cardiac Death 


Prevent chronic electrical instability by early thrombolytic therapy, etc. 

Treat residual latent ischemia with medications, coronary angioplasty, 
bypass surgery 

Use 8 blockade as general prophylactic therapy after myocardial 
infarction 

Assess high-risk patients with combined noninvasive tests (Holter 
monitoring, ejection fraction measurement, signal-averaged ECG) 

Perform electrophysiologic studies in highest risk subgroups 

lf inducible VT/VF, use drug therapy guided by electrophysiologic 
studies alone or combined with Holter monitoring and treadmill 
exercise testing 


ECG = electrocardiogram; VF = ventricular fibrillation; VT = ventricular tachycar- 
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symptoms, however, treatment is often required. Is the 
risk of such treatment acceptable? In the study by Nattel 
et al,44 acute ischemia was a necessary prerequisite to the 
arrhythmogenic effects of therapy. In the CAST sub- 
group analysis (Table III), most of the mortality risk, 
both in relative and absolute terms, resided in patients 
with multiple MIs. Only a 1% absolute residual risk was 
present in those with a first MI. In patients without isch- 
emic heart disease treated with class IC agents (and other 
class I agents), it appears reasonable to hope that the risk 
may be substantially lower than 1%. In this setting, the 
balance of benefit to risk may be acceptable in selected 
patients. For example, severe refractory angina is often 
treated with angioplasty or bypass surgery in subgroups 
in which no mortality benefit can be assured. In such 
selected cases, the mortality risk is justified by the symp- 
tomatic relief provided. Until more definitive data are 
available, a decision to treat patients with symptomatic 
but benign (or prognostically important) ventricular ar- 
rhythmias will require careful physician judgment. A 
proposed treatment algorithm for these patients is pre- 
sented in Table V. Moricizine,2’ pirmenol* and re- 
cainam*® are 3 antiarrhythmic agents under development 
that are effective and well tolerated, and may be useful 
additions to the available drugs that are appropriate for 
treatment of symptomatic ventricular (and supraventric- 
ular) arrhythmias. 

Role of amiodarone: Amiodarone, a potent antiar- 
rhythmic agent with class II action but with many poten- 
tial adverse effects, is currently contraindicated for treat- 
ment of benign and potentially malignant arrhythmias, 
even if patients are symptomatic. With low-dose, limited 
term (1 to 2 years) therapy, however, its benefit-risk 
potential may be sufficiently favorable to warrant evalua- 
tion in selected high-risk patient groups with prognosti- 
cally important arrhythmias. Cleland et alt? evaluated 
clinical variables potentially predictive of mortality in 
132 patients with heart failure followed for 21 months. 
Frequent VPCs and a diagnosis of coronary artery dis- 
ease were associated with a poor prognosis. However, 
prognosis was improved with amiodarone therapy, which 
was associated with a sudden death incidence one-third 
that of untreated patients (15 vs 45%). The study was not 
randomized. 

An important future arrhythmia trial with amioda- 
rone, to be conducted by the United States Veterans 
Administration, is scheduled to begin in late 1989. Up to 


TABLE VII Two-Site Model of Possible Antiarrhythmic Drug 
Effects on Arrhythmic Death Risk 


Patterns of Action 


Site of Action Substrate (+) Substrate (—) 
Trigger” (VPCs) 
Substrate" (VFT) 


Net effect on risk 


* CAST result for class IC therapy. 

CAST = Cardiac Arrhythmia Suppression Trial; VFT = ventricular fibrillation thresh- 
old: VPCs = ventricular premature complexes; (+) = substrate stabilization; (—) = 
substrate destabilization; | = risk increased; — = risk unchanged; , = risk decreased. 





1,200 patients with ventricular dysfunction and arrhyth- 
mias will be enrolled in a multicenter, randomized, dou- 
ble-blind, parallel comparison of amiodarone and place- 
bo. This study should help to define the benefit-risk ratio 
of this controversial antiarrhythmic. 

Role of sotalol: Sotalol, a class III agent with addi- 
tional 6-blocking activity that is associated with antiar- 
rhythmic activity greater than expected for 6-blocking 
effect alone,’ may be approved for general use in the 
near future. Sotalol has the additional advantage over 
many antiarrhythmic drugs of showing a beneficial mor- 
tality trend in a post-MI study.>! However, the effect was 
somewhat less than that seen with other 6-blocking tri- 
als.*° In some studies, sotalol has shown particularly im- 
pressive results in preventing inducible sustained VT or 
VF, often in the setting of ischemic heart disease.5? Expe- 
rience with its use in the post-MI setting has not all been 
positive,’ however, and its role for prophylaxis of prog- 
nostically important arrhythmias remains to be defined. 

implications of CAST for monitoring drug therapy: 
The CAST results suggest a need to reevaluate the meth- 
ods used for assessing the risk of ventricular arrhythmias, 
for guiding antiarrhythmic therapy, and for establishing 
criteria for drug selection. In the CAST, ambulatory 
electrocardiographic monitoring (at least for encainide 
and flecainide) was prognostically misleading. Future ap- 
proaches may need to incorporate signal-averaged elec- 
trocardiography”* and electrophysiologic testing,55-57 as 
suggested in Table VI. 

Antifibrillatory versus antiectopic therapy: The 
CAST results indicate the complexity of therapeutic ap- 
proaches to prevention of arrhythmic death. Treatment 
targets must include both the substrate and the triggering 
ectopy. Although it still appears possible that prognosti- 
cally important VPCs are “triggering” events for malig- 
nant arrhythmias, in order to be optimally effective, ther- 
apy must have a beneficial effect on arrhythmia substrate 
as well as spontaneous ectopy (Table VII).!!58 


CONCLUSION 

The CAST study serves to emphasize the complexity 
of treatment approaches to sudden cardiac death. Our 
current understanding of therapy is inadequate and needs 
revision. New antiarrhythmic drug development is need- 
ed that will continue to provide safer, better tolerated, 
and more effective agents for treatment of symptomatic 
and, perhaps, also asymptomatic but prognostically im- 
portant arrhythmias. 
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Introduction 


Valentin Fuster, MD, and William C. Roberts, MD 


ardioembolic stroke is a major health-care prob- 

lem in the United States. Because cardioembolic 

strokes tend to be massive and disabling—com- 
pared with ischemic brain infarction resulting from arte- 
rial disease—morbidity, mortality and cost of care tend 
to be greater. 

Eighty-five percent of patients presenting with acute 
stroke have ischemic infarction of the brain. Of these 
patients with ischemic infarction, approximately 15% 
have their stroke as the result of a cardiac-derived embo- 
lus. An estimated $900 million is spent annually on the 
acute and chronic care of patients with cardioembolic 
stroke. 

A symposium held in April, 1989, under the sponsor- 
ship of the Georgetown University School of Medicine, 
addressed the challenge of cardioembolic stroke. Entitled 
Thrombosis and Antithrombic Therapy: Direction for 
the 90s, the symposium was a forum for international 
specialists in thromboembolic disease. In 2 days of pre- 
sentations and workshop sessions, clinicians and re- 
searchers presented the latest thinking on the prevention 
and treatment of thrombotic disorders from the perspec- 
tives of the cardiologist, neurologist and surgeon. 

Emphasis was placed on chronic atrial fibrillation, 
which is the most common cause of cardiogenic stroke (in 
the absence of rheumatic heart disease) and accounts for 


75,000 strokes annually. Symposium attendees heard the 
results of the recent Copenhagen Atrial Fibrillation Aspi- 
rin-Anticoagulation (AFASAK) study of the effects of 
anticoagulation therapy in the prevention of thromboem- 
bolic events in patients with chronic nonrheumatic atrial 
fibrillation. 

The symposium examined therapeutic strategies for 
strokes related to emboli after acute myocardial infarc- 
tion. Evidence was presented that administering aspirin 
or anticoagulant therapy in patients who have had a 
myocardial infarction is associated with several potential 
benefits. 

The major causes of systemic embolism from valvular 
heart disease and prosthetic and infected valves were also 
reviewed . The Second American College of Chest Physi- 
cians Conference on Antithrombotic Therapy recently 
issued recommendations for therapy with anticoagulants. 
Several of these recommendations were discussed at this 
symposium, including those pertaining to the clinical ef- 
fectiveness and improved safety of less intense warfarin 
therapy. 

The management of thrombosis links the clinician 
with the work of clinical and basic-science researchers. 
We hope that the information contained in these proceed- 
ings will assist clinicians in providing safe and effective 
antithrombotic therapy for their patients. 


Left, Valentin Fuster, MD; right, William C. Roberts, MD 
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Antithrombotic Therapy in Historical Perspective 


Daniel Deykin, MD 


The history of antithrombotic therapy is traced 
over the past 5 decades, with a focus on the treat- 
ment of 2 major disorders: venous thromboembo- 
lism and acute myocardial infarction. Five subjects 
pertinent to clinical management decisions are dis- 
cussed: (1) theories of thrombosis and coagulation, 
(2) tests of coagulation, (3) the availability of thera- 
peutic interventions, (4) techniques for the diagno- 
sis of vascular obstruction, and (5) the use and mis- 
use of clinical trials. 

(Am J Cardiol 1990;65:2C-6C) 


From Boston Veterans Administration Medical Center, Boston, Massa- 


chusetts. This study was supported in part by the Medical Research 
Service, Veterans Administration, Boston, Massachusetts. 

Address for reprints: Daniel Deykin, MD, 151-I Boston Veterans 
Administration Medical Center, 150 South Huntington Avenue, Bos- 
ton, Massachusetts 02130. 
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py over the past 5 decades will focus on the treat- 

ment of 2 major disorders: venous thromboembo- 
lism and acute myocardial infarction (MI). Specific at- 
tention will be given to the influence on clinical decision- 
making of 5 elements: (1) theories of thrombosis and 
coagulation, (2) tests of coagulation, (3) the availability 
of therapeutic interventions, (4) techniques for the diag- 
nosis of vascular obstruction, and (5) the use and misuse 
of clinical trials. 


T>» review of the history of antithrombotic thera- 


SETTING THE STAGE: 1940 

In 1940, knowledge of the coagulation mechanism 
was extremely crude. At the turn of the century, Mora- 
witz! had assembled existing knowledge of coagulation 
into a workable scheme that included fibrinogen, pro- 
thrombin, calcium, and a postulated thrombokinase or 
thromboplastin that converted prothrombin to thrombin. 
In the subsequent 40 years, however, little progress was 
made, except for the isolation of antihemophilic globulin 
in 1937.* The respective roles of platelets, antihemophilic 
globulin and surface activation were undefined. Virchow? 
had elaborated his famous triad almost 90 years previous- 
ly, but there was still no understanding of how stasis, local 
vascular injury, and systemic changes in coagulability of 
blood caused thrombosis. No workable theories were at 
hand to distinguish between the development of arterial 
thrombosis and venous thrombosis, although their gross 
and microscopic morphologic characteristics were clearly 
distinct. 

Antithrombotic therapy was at the threshold of wide- 
spread clinical application. Heparin had been isolated 
and its large-scale manufacture accomplished.* Similar- 
ly, in 1939 dicumarol was identified as the agent in 
spoiled sweet clover that caused hemorrhage in cattle.’ Its 
manufacture, too, had been implemented. Within months 
it was introduced into clinical practice. 

Theories of blood clotting were relatively simplistic, 
judged by our current perspective, but tests of coagula- 
tion that could be used to monitor anticoagulant therapy 
had already been introduced and standardized. The pro- 
thrombin time test had been developed by Quick.® It was 
used to investigate the bleeding disorder in cattle, which 
led to the discovery of dicumarol; it was later used to 
monitor dicumarol therapy when such therapy was first 
instituted at the Mayo Clinic. 

An alternative test to monitor dicumarol therapy, the 
Russell’s viper venom test, was used briefly by Dr. Irving 
Wright when he first began using dicumarol; he soon 
observed that this test was not useful, because frank 
bleeding developed in most patients monitored with the 
test.’ In retrospect, we know that since the test is insensi- 
tive to factor VII, its lack of utility was not surprising. 
Similarly, the whole blood clotting time, widely recog- 
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nized to be imprecise at best, was accepted, although 
grudgingly, as the best available monitor for heparin 
therapy. 

Diagnostic tests for the presence of thrombosis were 
also relatively unsophisticated. The electrocardiogram 
could define a transmural MI, and the chest x-ray could 
validate the presence of substantial pulmonary infarction. 
However, lesser or intermediate stages of occlusion in 
either the venous or coronary circulation, even though 
known clinically, were difficult to diagnose. Venography 
had been introduced by 1940,° but because the technique 
was not standardized, it rapidly fell from favor. 

Finally, we need to reflect on the state of clinical trials 
in medicine in 1940. Although the concept of randomiza- 
tion of patients to placebo or drug therapy had been used 
in 1931, the widespread use of large clinical trials lay in 
the future. None had been attempted up to 1940, and the 
method was not yet developed. It is appropriate to pay 
tribute to the wisdom of Dr. Charles Best, who wrote in 
1938, “If the clinical investigation of cardiac cases should 
be initiated, the necessity for studying very large numbers 
and of heparinizing only alternate cases is obvious.” '° 

Thus, the era of antithrombotic therapy was launched 
in 1940, with little theoretical knowledge and with crude 
methodology, but with 2 good drugs and 2 good tests. 
What has remained remarkable over these 50 years since 
1940, is how successful the therapy has been, and—until 
very recently—how little our rapidly increasing knowl- 
edge of theory has contributed to that success. 


DEEP VENOUS THROMBOSIS AND 
PULMONARY EMBOLISM 

The history of antithrombotic treatment for deep ve- 
nous thrombosis and pulmonary embolism can be divided 
conveniently into 2 equal parts—the first, from 1940 to 
1964, and the second, from 1964 to the present. The 
dividing point is marked neither by striking changes in 
theories of clotting or thrombosis nor by changes in thera- 
py. The trial of Baritt and Jordan in 1960!! had defini- 
tively established the effectiveness of heparin and oral 
anticoagulants in the prevention of recurrent pulmonary 
embolism, but large-scale trials of prophylaxis were still 
to come. What marked the division of the 2 periods was 
the introduction of new techniques for the diagnosis of 
pulmonary embolism. 

The first period, from 1940 to 1964, was character- 
ized by rapid acceptance of antithrombotic therapy, even 
in the absence of convincing clinical studies to support 
that acceptance. After the synthesis of heparin, it was 
introduced with impressive speed into the clinical man- 
agement of patients with established deep venous throm- 
bosis. By 1940, more than 1,000 patients had been treat- 
ed. In 1941, three groups— Meyer and his associates at 
the University of Wisconsin, Allen and his group at the 
Mayo Clinic, and Irving Wright in New York—all re- 
ported successful administration of dicumarol to patients 
with thrombophlebitis. In 1942, the 3 groups presented 
their data jointly before the American Society of Clinical 
Investigation, and the sequential use of heparin followed 
by dicumarol became the standard of therapy’ within 3 
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years of their introduction—an impressive feat. In con- 
trast, despite an explosive development of knowledge of 
the blood clotting system over the next 20 years, there 
were no major advances in the treatment of deep venous 
thrombosis, with 1 exception—the introduction of warfa- 
rin in the early 1950s.* The water-soluble coumarin rap- 
idly proved superior to dicumarol, and by 1960 warfarin 
had become the standard oral agent to supplement hepa- 
rin in the treatment of deep venous thromboembolic dis- 
ease. 

How good was this treatment? In 1958, Wessler and I 
reviewed the then current theory and practice.'? We 
wrote “... problems in diagnosis ... demonstrate how 
difficult it is to record the true incidence of venous throm- 
bosis—knowledge of which is so crucial for the evaluation 
of therapy .... Venous thrombosis represents a common, 
frequently systemic disease, manifest clinically by local 
intravascular coagulation. The specific etiology is un- 
known, the diagnostic criteria are crude and unsatisfacto- 
ry, and although the clinical course is unusually benign 
and self-limited, it may be unpredictably recurrent and 
lethal. It is extremely difficult at present to validate statis- 
tically any therapeutic measure; this problem will not be 
significantly altered until an accurate test for thrombosis 
is devised.” 

That assessment stood for another 8 years. The crucial 
exception was the pivotal trial by Baritt and Jordan!' that 
demonstrated unequivocally the effectiveness of heparin 
followed by an oral coumarin derivative in the prevention 
of recurrent pulmonary embolism. Although the trial was 
imperfect by today’s standards, it was so conclusive that it 
has never been challenged, nor should it be. 

A dramatic change took place in the years following 
1964. In short order, pulmonary angiography and lung 
scanning with macroaggregated albumin were intro- 
duced, and the diagnosis of pulmonary embolism, which 
had been elusive, now became definitive.'2-!> Within a 
few years !2°] fibrinogen leg scanning'® had been devel- 
oped, and venography!’ was reintroduced and standard- 
ized as the putative gold standard for the diagnosis of 
deep venous thrombosis. Impedance plethysmography'* 
followed. 

These tests set the stage for a series of trials that have 
taken us from uncertainty to relative certainty in the 
diagnosis of venous thromboembolism, and from a treat- 
ment philosophy that was reactive to one that is increas- 
ingly proactive. Furthermore, and at long last, theory 
contributed to practice. With the knowledge of how hepa- 
rin acted, through its allosteric alteration of antithrombin 
III, came the theoretical development of 2 mutually dis- 
tinct forms of therapy: One, low-dose subcutaneous hepa- 
rin, could be used prospectively to prevent the initial bout 
of deep venous thrombosis in persons who were at risk. 
The other, full-dose heparin followed by oral anticoagu- 
lants, was to be used as treatment for patients in whom 
frank thrombosis had developed, which could now be 
accurately diagnosed.!° 

Just as the trial by Baritt and Jordan established the 
effectiveness of full-dose heparin and oral anticoagulants 
in the treatment of pulmonary embolism, so did the inter- 
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national multicenter large-scale trial of low-dose heparin 
establish the benefit of treating those postoperative pa- 
tients at risk.2° Despite initial reservations, low-dose hep- 
arin has stood the test of time, as reflected in the recent 
overview by Collins et al.?! 

The availability of definitive means of diagnosis of 
deep venous thrombosis and pulmonary embolism estab- 
lished diagnostic precision, and permitted us to refine 
treatment regimens to facilitate maximal therapeutic 
gain while minimizing hemorrhagic risk.*?~74 

A critical reader may wonder where fibrinolytic ther- 
apy is in this review. Unlike heparin and warfarin, fibri- 
nolytic therapy remains a therapeutic sideshow in the 
treatment of venous thrombosis. The landmark uroki- 
nase-heparin pulmonary embolism trial?” demonstrated 
that there was more rapid resolution of pulmonary embo- 
lism with urokinase plus heparin than with heparin alone, 
but the trial showed no major clinical benefit from that 
accelerated lysis. In particular, since this trial was not 
designed to show differences in mortality, it could not 
prove that the additional cost and hemorrhagic risk were 
worthwhile. Similarly, many small studies have shown 
that fibrinolytic agents in addition to heparin accelerate 
the lysis of peripheral venous thrombi, but the benefit 
remains uncertain.*° 

What, then, are the unresolved issues and prospects 
for the next decade in the diagnosis and treatment of deep 
venous thrombosis? First, we need to develop a funda- 
mental understanding of the pathogenesis of deep venous 
disease, so that we may design better drugs and ultimate- 
ly eliminate the disease itself. There is a pressing urgency 
to develop and standardize tests for the antithrombotic 
rather than anticoagulant actions of heparin and warfa- 
rin. The activated partial thromboplastin time and pro- 
thrombin time tests were designed for the diagnosis of 
hemorrhagic disorders. They have been used in the treat- 
ment of thrombotic disorders to ward off bleeding, but 
they do not address the antithrombotic potential of hepa- 
rin and warfarin. The new prothrombin fragment 1-2 test 
developed by Bauer and Rosenberg?’ holds great prom- 
ise, but it needs to be validated in large-scale clinical 
trials. 

We should develop better noninvasive techniques for 
the diagnosis of deep venous thrombotic disease. Imped- 
ance plethysmography is awkward. Ultrasound holds 
promise,** but must be refined. Finally, clinical trials are 
needed to establish the optimal range of warfarin thera- 
py—defined not only by tests of clotting, but most impor- 
tant, by tests of antithrombotic effectiveness. We should 
settle the question of the proper role of fibrinolytic agents 
in the treatment of venous thromboembolism. 


ACUTE MYOCARDIAL INFARCTION 

It is appropriate to begin a discussion of the anti- 
thrombotic treatment of acute MI by quoting from 
Charles Best’s 1940 lecture to the Harvey Society: “Hep- 
arin has been used in a few cases of coronary thrombosis 
in human beings, but not in a scientific manner . . . Judg- 
ing from experimental work, the incidence of mural 
thrombosis and the extension of coronary thrombi, if this 
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occurs, would be inhibited . . . Since [heparin] is the only 
material available which prevents the growth of thrombi 
... the clinical cardiologist might explore its possibilities 
in a carefully controlled series of observations. He will of 
course have no preconceived ideas with regard to its ther- 
apeutic value in the condition which he is studying, but he 
may start his investigation with the knowledge that if 
[heparin is] given in adequate amounts, further thrombus 
formation will be prevented. He will also have to bear in 
mind that heparin, like many other effective weapons, is a 
two-edged sword, and that its function is to prevent coag- 
ulation as well as to inhibit thrombus formulation.” 2? 

Dr. Irving Wright was the first clinical cardiologist to 
test anticoagulant treatment of acute MI. On the basis of 
preliminary data Wright et al? had accumulated during 
World War II, the American Heart Association in 1946 
initiated the first large-scale prospective trial of heparin 
and dicumarol in acute MI. Data were collected from 16 
hospitals, on 800 patients; 368 of them, admitted on even 
days, received conventional therapy and constituted a 
control group; 432, admitted on odd days, received hepa- 
rin followed by dicumarol for a minimum of 30 days. 

The results were spectacular: Twenty-four percent of 
the control patients died; 15% of the treated patients died. 
Thromboembolic complications occurred in 36% of con- 
trol and in 14% of treated patients. In those control pa- 
tients who did not have thromboembolism, death oc- 
curred in 14%. In the treated group, the death rate among 
those who did not have thromboembolism was 12%, an 
insignificant difference. Thus, Wright’s study showed 
that heparin and dicumarol reduced thromboembolism 
dramatically, and it was this action of the drugs that 
reduced overall mortality. 

On the basis of these data, the American Heart Asso- 
ciation made 2 recommendations in 1948, just 2 years 
after beginning the study: 

1. Anticoagulant therapy should be used in all cases of 
coronary thrombosis with MI, unless a definite contrain- 
dication exists. 

2. In the absence of other hemorrhagic states, the 
hazards from hemorrhage due to anticoagulants are not 
sufficient to contraindicate their use in the treatment of 
coronary occlusion, provided there are facilities for ade- 
quate clinical control.°° 

Thus began the era of anticoagulant therapy for MI. 
Despite Best’s caution, the potential weaknesses of 
Wright’s study were overlooked, and an era of uncritical 
enthusiasm ensued. As time progressed and studies pro- 
liferated, the apparent magnitude of benefit of anticoagu- 
lants waned and skepticism mounted, culminating in a 
critical broadside by Feinstein in 1969.7! He examined 32 
studies of the use of anticoagulants in acute MI, and 
compared their conclusions with their methodologic qual- 
ity. He found that “anticoagulant therapy was ranked 
superior to none more often in reports that failed to fulfill 
... methodologic standards than in reports that did.” In 
short, good outcome was associated with sloppy science. 

The subsequent publication of 3 excellent randomized 
trials**-34 that favored the use of anticoagulants prompt- 
ed Chalmers et al,3> in 1977, to conclude that in fact the 
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data did support their use in acute MI. They stated that, 
“All patients who present no specific contraindication 
should receive anticoagulants during hospitalization for 
infarction.” However, the battle was lost, and anticoagu- 
lant therapy for MI has continued to this day to be in 
disfavor.*°7’ 

The focus on mortality overshadowed the real gain of 
anticoagulant therapy: suppression of cardiogenic embo- 
lization to the brain, an unequivocal benefit achieved at 
minimal risk.** The issue needs to be reexamined, but as 
we shall see, in a new setting. 

While the controversy raged over anticoagulants in 
MI, 2 developments were making the battle progressively 
irrelevant. The first was the flowering of research into 
platelet function, biochemistry and pathophysiology. It 
began with the discovery of adenosine diphosphate as the 
endogenous substance that promoted platelet aggrega- 
tion, and was followed by recognition of the roles of 
thromboxane and prostacyclin as modulators of platelet 
and vascular participation in hemostasis. After that came 
recognition of the role of a releasable platelet moiety— 
platelet-derived growth factor—that linked hemostasis to 
atherosclerosis. New theories of thrombosis emerged that 
shifted the emphasis away from coronary thrombosis due 
to blood clotting as the primary cause of MI, to a major 
emphasis on platelets as the primary agents, with blood 
clotting as a secondary event.??40 

Since aspirin had been shown to impair thromboxane 
formation, a new era of clinical trials was initiated, test- 
ing aspirin first for its effectiveness in preventing recur- 
rent MI, and more recently for its effectiveness in pre- 
venting the initial infarction itself. Furthermore, after the 
introduction and widespread use of coronary artery by- 
pass graft surgery, recognition of the role of platelets in 
graft occlusion prompted a series of studies of aspirin’s 
ability to maintain graft patency. The results have shown 
that, overall, aspirin provides a modest benefit in prevent- 
ing graft occlusion, a probable but not certain benefit in 
reducing the rate of reinfarction, and a less certain benefit 
as a primary preventive agent.*!-*3 Because full-dose 
warfarin and higher doses of aspirin are an incompatible 
mixture, aspirin has supplanted warfarin, but the evi- 
dence favoring aspirin remains less than overwhelming. 

Just as aspirin began to achieve predominance as the 
major therapeutic agent in the treatment of MI, the 
emergence of interventional cardiology led to an ironic 
development that was to reemphasize the role of blood 
coagulation in acute MI. When DeWood et al** per- 
formed coronary angiography in patients with acute MI 
and demonstrated that 90% of infarct-related vessels 
were occluded with a fresh thrombus, they summoned 
fibrinolytic therapy to center stage from the wings, where 
it had languished as a therapy for venous thrombosis. 

The past decade has witnessed the rapid evolution of 
an impressive array of fibrin-specific fibrinolytic agents 
and the rediscovery of the use of the oldest agent, strepto- 
kinase. The recent Gruppo Italiano per lo Studio della 
Streptokinase nell’ Infarcto Miocardico (GISSI-1),* 
Anglo-Scandinavian Study of Early Thrombolysis (AS- 
SET)*° and Secondary International Study of Infarct 
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Survival (ISIS-2)*’ trials have unequivocally demon- 
strated that administration of fibrinolytic agents early in 
the course of an evolving MI reduces in-hospital mortali- 
ty. The ISIS-2 trial established that the combination of 
aspirin and a fibrinolytic agent reduces acute mortality 
by as much as 40%. This astonishing outcome is so dra- 
matic that any new therapeutic regimen must offer at 
least as much benefit to be considered ethical. 

A new generation of trials now underway will test the 
newer types of fibrinolytic agents against streptokinase. 
Whether any agent emerges that will prove to be more 
cost-effective than streptokinase itself remains to be seen. 
What is abundantly clear is that we have entered a new 
era of large trials, enrolling many thousands of patients 
on a scale not envisioned even a decade ago. Even though 
these trials are formidably expensive, they have answered 
questions that we needed to have answered, but were 
unable to ask. 

This brief review has considered the trials and tribula- 
tions of antithrombotic therapy over the past half centu- 
ry. Given the rapid rate of change in medical research 
over the past decade it would be presumptuous, indeed, to 
peer too far into the future. However, I should like to set 
out a few short-term goals that may be attained. 

The first one is to define more accurately the popula- 
tion at risk for arterial thrombosis and to study the effec- 
tiveness in that population of existing antithrombotic 
modes of therapy, singly and in combination. We also 
need new techniques for noninvasive diagnosis of arterial 
occlusion, to allow better definition of intermediate out- 
comes in clinical trials of drug effectiveness. 

We need to explore the potential benefit of combina- 
tions of lower doses of anticoagulants and antiplatelet 
agents used together which might be more beneficial and 
safer than either agent used alone. Two candidate popu- 
lations for such trials come immediately to mind: the 
postmyocardial infarction patient, to reduce the risk of 
both cerebral embolism and recurrent infarction; and the 
postangioplasty patient, to achieve and maintain higher 
patency rates than we are now obtaining. 

We need better antiplatelet agents than aspirin. On 
the horizon is a new class of drugs that will interfere with 
platelet adhesion to injured vessels, the critical first step 
in platelet-mediated thrombosis. 

The vista for new strategies in antithrombotic therapy 
is expanding. It is heartening, however, to reflect on the 
substantial advances we have already achieved. It has 
been a personal privilege to have taken part for the past 
30 years in the development of antithrombotic therapy, 
and I look forward with great anticipation to new devel- 
opments yet to come. 
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Low-Dose Warfarin and Low-Dose Aspirin in the 
Primary Prevention of Ischemic Heart Disease 


Thomas W. Meade, DM 


The thrombotic component in ischemic heart dis- 
ease (IHD) is now universally recognized. It is 
therefore logical to consider modifying both fibrin 
formation and platelet function in primary (as well 
as secondary) prevention. The scientific case for 
evaluating lower-dose warfarin in primary preven- 
tion rests on the implications of the secondary pre- 
vention trials, increasing evidence of an association 
between the level of factor VII coagulant activity, 
VIl., and the incidence of IHD, and the results of 
short-term lower-dose trials for the prevention of 
venous thrombosis and thromboembolism. The gen- 
eral case for considering aspirin in primary preven- 
tion is well known, but the potential value of low- 
dose aspirin in men at high risk needs to be estab- 
lished. Currently available evidence suggests that 
the combination of lower doses of both warfarin 
and aspirin in primary prevention may be effective 
and safe. The objective of the factorial Thrombosis 
Prevention Trial is to demonstrate a reduction in 
the incidence of IHD in men at high risk attributable 
to low-dose warfarin or low-dose aspirin, or both, 
with 1 group receiving both active treatments. The 
feasibility of this trial has been demonstrated. An 
International Normalized Ratio of about 1.5, 
achieved with an average daily dose of 4.6 mg war- 
farin, has resulted in no increase in the number of 
men ever reporting minor bleeding episodes, al- 
though rectal bleeding occurs more frequently in 
those men who do report this symptom. 

(Am J Cardiol 1990;65:7C-11C) 


From Northwick Park Hospital, Harrow, England. 

Address for reprints: Thomas W. Meade, DM, MRC Epidemiolo- 
gy and Medical Care Unit, Northwick Park Hospital, Harrow HA1 
3UJ, England. 


Ithough disputed until comparatively recently, a 
A romos component in ischemic heart disease 

(IHD) is now almost universally recognized. 
Pathologic and clinical evidence has demonstrated the 
thrombotic contribution not only to myocardial infarc- 
tion (MI), but also to unstable angina pectoris and sud- 
den coronary death. 

An obvious point—although infrequently acknowl- 
edged—is the varying composition of thrombi at different 
sites. Venous thrombi are largely composed of fibrin and 
red cells. Coronary artery thrombi may vary from pre- 
dominantly platelet bodies in the vessel wall to mainly 
fibrin accumulations in the lumen. It is possible that 
platelets are chiefly responsible for the thrombotic com- 
ponent of unstable angina. The obvious value of oral 
anticoagulants in preventing venous thrombosis, and the 
possibility (although by no means the certainty) that 
aspirin is particularly valuable in patients with unstable 
angina are perhaps clinical reflections of these pathologic 
distinctions. Especially in MI and sudden coronary death, 
where both platelet aggregates and fibrin deposition may 
be involved, it seems logical to consider modifying both in 
attempts at primary prevention. However, it is also worth 
bearing in mind the influence of the coagulation system 
on platelets. Thrombin (Fig. 1) is a potent platelet-aggre- 
gating agent as well as being responsible for the conver- 
sion of fibrinogen to fibrin. Furthermore, thrombin-in- 
duced aggregation is not inhibited by aspirin, and it may 
therefore be a pathologically significant mechanism even 
in patients taking aspirin prophylactically. If so, there is 
added reason for trying to limit the potential for thrombin 
production in people at high risk. 

Finally, thrombosis may contribute to the onset of 
clinically manifest IHD not only as an acute complication 
of atheroma and plaque rupture, but also as a result of the 
chronic process of atherogenesis. 


WARFARIN 

Until very recently, the proposition that even in lower 
doses warfarin might be used in the primary prevention of 
IHD would have been dismissed out of hand. However, 
the scientific case for this approach is strong, and it rests 
on evidence from several different sources (Table I). 

First, oral anticoagulants reduce mortality after MI 
by about 20%.'* However, many deaths soon after infarc- 
tion are electrical in origin, and are therefore not amena- 
ble to prevention by antithrombotic agents. Confining 
attention to events that are almost entirely thrombotic in 
origin—such as recurrent MI and thromboembolism— 
shows that oral anticoagulants reduce episode rates by 
about 50%.*:+ In short, they are extremely effective in 
these circumstances. 
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A SYMPOSIUM: THROMBOSIS AND ANTITHROMBOTIC THERAPY—DIRECTION FOR THE ’90s 
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FIGURE 1. A summary of the coagulation cascade. 


TABLE I Lower Dose Warfarin in the Primary Prevention of 
Ischemic Heart Disease 


Implications of secondary prevention trials 
Vil. and risk of ischemic heart disease 

Vil. and thrombin production 

Short-term low-dose trials 


IHD within 5 years of examination 
SRE 1.62 
P 0.0005 
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1.84 
< 0.0001 


32 
nol 22 
16 
L M H L M H 


Cholesterol 


ESM OR 


Factor VII Fibrinogen 


FIGURE 2. Numbers of events of ischemic heart disease (IHD) 
(fatal and nonfatal) within 5 years of examination by low (L), 
middle (M) and high (H) thirds of distributions of factor VII ac- 
tivity, fibrinogen, and cholesterol at entry to the Northwick 
Park Heart Study. Standardized regression effects (SRE) 
show the increase in risk of an event for a standard deviation 
increase: e.g., a 1 standard deviation increase in factor VII ac- 
tivity increases the risk of an event within 5 years by 62%. 
(Reproduced with permission from Lancet.°>) 


Furthermore, it is likely that in some of the secondary 
prevention trials the intensity of anticoagulation was a 
good deal less than intended. If so, this provides the first 
indication that lower intensities than those usually aimed 
for may be effective. 

Second, there is growing evidence that the level of 
factor VII coagulant activity, VII., is associated with the 
risk of IHD. Factor VII is the procoagulant clotting fac- 
tor whose activity is most rapidly and extensively reduced 
by warfarin. 

Figure 2 summarizes the results of the prospective 
Northwick Park Heart Study.° Besides the expected rela- 
tion between cholesterol and IHD incidence, increasing 
levels of both VII. and fibrinogen were associated with 
increased risk. 


8C THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


These relations have now been confirmed in the pre- 
liminary findings of another prospective study. A grow- 
ing number of cross-sectional studies also show a relation 
between the VII. level and IHD or the risk of IHD.’~!° 
Besides suggesting that VII, may be involved in the 
pathogenesis of IHD, these findings also raise the possi- 
bility of reducing risk by lowering the VII, level. The 
general epidemiologic characteristics of VIe, including 
the effects of dietary fat intake, are all consistent with the 
hypothesis that high VII, levels do contribute to the onset 
of THD.!! 

Third, the VII, level probably influences the rate of 
thrombin production.''!* Added to these experimental 
results is the value of factor VII concentrates in treating 
factor VIII-resistant hemophiliacs,'!* an approach that is 
presumably successful because of enhanced extrinsic 
pathway activity on thrombin production. 

Finally, 4 randomized controlled trials have now dem- 
onstrated that lower intensities of oral anticoagulation 
are equally effective in preventing perioperative venous 
thrombosis after surgery!* '® or thromboembolism after 
tissue heart-valve replacement,'’ but, as expected, with 
less bleeding than with conventional intensities. 

For a variety of reasons, therefore, it is reasonable to 
ask whether, in carefully selected men at high risk of 
IHD, a relatively modest degree of oral anticoagulation 
with warfarin would reduce the incidence of IHD without 
increasing the risk of serious bleeding. 


ASPIRIN 

The case for aspirin in the primary prevention of IHD 
is much more familiar and less controversial—although 
still open. 

The prolonged effect of aspirin on the secondary 
phase of platelet aggregation is well known. There is no 
doubt about the value of aspirin in those who have al- 
ready had clinical vascular disease, whether MI, transient 
ischemic attacks or unstable angina pectoris.'® 

With regard to primary prevention, the recently re- 
ported preliminary findings from the trial in doctors in 
the United States!’ showed a significant reduction due to 
aspirin in the incidence of IHD. There was no obvious 
effect in the trial in British doctors,” although the results 
were not incompatible with those of the American trial. 
Both trials raised the possibility of increased risk of cere- 
bral hemorrhage due to aspirin. Neither trial used aspirin 
doses that would be considered “low” according to cur- 
rent thinking. The dose in the American trial was 325 mg 
on alternate days, and in the British trial it was 500 mg/ 
day for most participants. 

Both trial populations were at low risk of IHD. The 
question of whether low doses of aspirin in men at high 
risk might be effective against IHD without an increase 
in the risk of bleeding therefore remains open. 


COMBINED PROPHYLAXIS 

Would warfarin and aspirin together reduce the inci- 
dence of IHD more than either agent on its own, and 
without inducing unacceptable bleeding? 

Figure 3 summarizes the findings of the International 





Placebo infusion and tablets 


FIGURE 3. Cumulative vascular mortality in 
days 0 to 35. (Reprinted with permission 
from Lancet.5) 


Cumulative no. of vascular deaths 


Study of Infarct Survival (ISIS-2) trial of streptokinase 
and aspirin (160 mg/day) immediately after suspected 
MI.?! Used separately, both streptokinase and aspirin 
reduced cardiovascular mortality over the 35-day period 
by about 20%. When they were used together, the reduc- 
tion was over 40%. These results support the case for 
primary prevention by simultaneously modifying platelet 
function and fibrin formation (by oral anticoagulation 
rather than streptokinase). 

In ISIS-2, anticoagulation (heparin or oral agents, or 
both) was planned for over 11,000 of the participants, and 
in most cases these plans were implemented. Among 
these patients the incidence of major bleeding episodes 
was no higher in those who took aspirin during the trial 
than in those who did not (personal communication from 
ISIS-2 investigators). This suggests that the concurrent 
use of anticoagulants and aspirin may not be as hazard- 
ous as is often assumed. 

A special study undertaken during the planning of the 
Thrombosis Prevention Trial (TPT, see later) showed 
that anticoagulation of the intensity aimed for in TPT 
(International Normalized Ratio [INR] of about 1.5) 
with 75 mg aspirin did not increase the rate of gastric 
bleeding above the very low level attributable to this dose 
of aspirin. 

Finally, the pooled experience of 3 trials of patients 
undergoing valve replacement?*-> indicates a high de- 
gree of effectiveness from concurrent use of warfarin and 
aspirin in conventional doses in preventing thromboem- 
bolism. Any risk of bleeding was confined mainly to the 
gastrointestinal tract. 

In summary, therefore, the combined use of warfarin 
and aspirin may be particularly effective and will not 
necessarily lead to unacceptable levels of bleeding. This is 


THE AMERICAN JOURNAL OF CARDIOLOGY FEBRUARY 2, 1990 


568/4300 (13.2%) 


461/4295 (10.7%) 
Aspirin 
Streptokinase 
448/4300 (10.4%) 


Streptokinase and aspirin 
343/4292 (8.0%) 


7 14 21 28 
Days from randomization 


35 


particularly significant if we keep in mind that in a trial 
such as TPT the greatest risk facing participants is major 
events of IHD, about 50% of which are fatal. 


THROMBOSIS PREVENTION TRIAL 

The objective of this factorial trial° is to demonstrate 
a 30% reduction in the incidence of IHD in men at high 
risk, attributable to low-dose warfarin or low-dose aspi- 
rin, or both. One group will receive active warfarin and 
active aspirin. The aim of the warfarin component is to 
reduce VII. from a high-risk level of about 120% to about 
70%, the VII, level characteristic of patients with little 
or no IHD. Full anticoagulation reduces VII, to about 
30%. 

The TPT is being carried out through the British 
Medical Research Council’s General Practice Research 
Framework. This framework was originally established 
for the mild hypertension trial of the Medical Research 
Council Working Party’; it has now been enlarged for 
other studies that can most appropriately be performed 
through general practice. 

The first step for each practice is a search of all the 
notes of men aged 45 to 69 years, to permit exclusion of 
all those whose participation would be contraindicated— 
e.g., because of a recent history of peptic ulceration or 
because of alcohol abuse. 

Those who remain eligible are then invited to a screen- 
ing examination at which smoking status and family his- 
tory are elicited, body mass index and blood pressure are 
determined, and cholesterol, fibrinogen and VII, levels 
are measured. Each of these risk variables is then weight- 
ed according to its association with IHD in the North- 
wick Park Heart Study. Those men in the top 20% of the 
risk-score distribution are invited to take part in the treat- 
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FIGURE 4. Distribution of stable warfarin doses. (Reprinted 
with permission from Eur Heart J.7°) 
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FIGURE 5. VII, (percentage of standard) at stable dose. TPT 
= Thrombosis Prevention Trial. (Reprinted with permission 
from Eur Heart J.7°) 


TABLE Ill Numbers of Episodes of Reported Symptoms 


Any Dose 


Active 


Nose bleed 38 

Red/pink urine 2 

Rectal bleeding* 41 (p = 0.04) 

Bruising 18 

Total no. of 2,180 
questionnaires 


Placebo 


— Placebo 
=== Active 


‘a0 


15 
Months at stable dose 


TPT stable dose distribution. 


FIGURE 6. International Normalized Ratio (INR) at stable 
dose. TPT = Thrombosis Prevention Trial. (Reprinted with 
permission from Eur Heart J.7°) 


TABLE Il Numbers of Men Ever Reporting Symptoms 


Any Dose Stable Dose 


Active Placebo Active Placebo 


Nose bleed 

Red /pink urine 
Rectal bleeding 
Bruising 

Total no. of men 


Some men report more than 1 symptom. 


Stable Dose 


Active Placebo 


23 
0 
29 (p = 0.03) 


* One man receiving active treatment accounted for 10 of the 41 episodes at any dose and 7 of the 29 episodes at stable dose. 
The slightly larger number of questionnaires at stable dose from men receiving placebo treatment is the expected interim consequence of the procedure for matching patients re- 


ceiving active and placebo treatment. 


ment phase. Just over 70% of those invited for screening 
attend, and about the same proportion of those eligible for 
treatment enter the trial. 

Treatment is double-blind; monitoring of the pro- 
thrombin time (expressed as INR) and dose regulation 
are performed from the coordinating center. Anticoagu- 
lation is induced with a starting dose of 2.5 mg of warfa- 
rin (or placebo) daily, increasing by 0.5 or 1.0 mg/day 
at monthly intervals until the appropriate stable dose 
for each man has been achieved. The average dose is 4.6 
mg/day, but the doses range widely, as expected, from 
1.5 to 10.0 mg/day (see Fig. 4). Figures 5 and 6 show that 
there has been no difficulty in achieving the VII, ob- 
jective of about 70%, corresponding to an INR of about 
1.5. 
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Thus far (Table II), there is no difference in the num- 
bers of men ever reporting nose bleeds, possible hematu- 
ria, rectal bleeding, or bruising at stable dose. The fre- 
quency (Table III) of rectal bleeding (but not any of the 
other 3 symptoms) is greater in those receiving active 
treatment. In other words, whereas treatment does not 
increase the number of men who ever report rectal bleed- 
ing, it does increase the frequency of bleeding in those 
who do report it. 

The aspirin component of the trial has just been intro- 
duced as a 75-mg controlled-release preparation whose 
main effect is presystemic, maximizing the inhibition of 
thromboxane while minimizing the effect on prostacylin. 

It is hoped that the 6,000 men required for the trial 
will have been recruited by the end of 1990 or early 1991. 





Each man’s participation will be for a minimum of 5 
years. 


CONCLUSION 

In circumstances in which it is difficult or impossible 
to achieve the primary prevention of IHD through life- 
style modifications, pharmacologic methods have to be 
considered. Given the difficulty of achieving regression of 
atheroma, the most effective approach may be through 
prevention of thrombosis. There is increasing interest in 
the possibility that this may be achieved by the concur- 
rent modification of fibrin formation and platelet func- 
tion, using low doses of warfarin and aspirin that do not 
result in an unacceptable level of bleeding. 
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New Approaches to Treatment of 
Myocardial Infarction 


James H. Chesebro, MD, Lina Badimon, PhD, and Valentin Fuster, MD 


Survival of patients with acute transmural infarc- 
tion is largely related to the size of the myocardial 
infarction. The goal of thrombolytic therapy in 
acute myocardial infarction is maximal salvage of 
myocardium by reestablishment of flow in the oc- 
cluded infarct-related artery and the establishment 
and maintenance of a patent infarct-related artery. 
Results of randomized trials show a significant re- 
duction in mortality in patients who have under- 
gone thrombolysis. A patent infarct-related artery, 
even in the absence of a change in left ventricular 
function, is associated with reduced mortality. The 
Thrombolysis in Myocardial Infarction Trial and the 
European Cooperative Trial showed that recombi- 
nant tissue-type plasminogen activator is superior 
to streptokinase in reestablishing flow in a totally 
occluded artery. 

Experimental and clinical evidence suggests that 
thrombolysis and thrombosis occur simultaneously, 
and that lysis appears to increase both thrombin 
and platelet activity. Effective reduction of throm- 
bosis accelerates thrombolysis. Rethrombosis after 
thrombolysis is due to anchored residual thrombus, 
which alters the hemorrheology of blood flow and 
produces a highly thrombogenic substrate that is 
largely due to residual fibrin-bound thrombin. 
Platelet deposition is directly related to severity of 
residual stenosis and shear rate. 

Thrombin appears to be the most potent of the 5 
potential stimulators of platelet activation during 
arterial thrombosis. Proper anticoagulation can 
play an important role in reducing thrombosis. Ex- 
perimental evidence strongly supports the use of 
heparin during and after thrombolysis. A recently 
reported study shows continued reduction of resid- 
ual stenosis after 1 month of vigorous anticoagula- 
tion with intravenous heparin and subsequent oral 
anticoagulation. A recent clinical trial showed that 
subcutaneous heparin given during hospitalization 
reduced recurrent ischemia after thrombolysis, 
mortality and left ventricular mural thrombosis. 

Most current trials are using both heparin and 
aspirin during and after thrombolysis, with appar- 
ent reduction in rates of reocclusion. Thrombolysis 
with a combination of recombinant tissue-type 
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plasminogen activator and either streptokinase or 
urokinase appears to reduce reocclusion. Maximal 
therapy to enhance continued lysis of residual mu- 
ral thrombus after hospitalization includes com- 
bined anticoagulation with sodium warfarin and 
probably low-dose aspirin at 80 mg/day. 

(Am J Cardiol 1990;65:12C-19C) 


coronary care unit has decreased hospital mortality 

from 30 to 10%, largely because of improvements 
in the treatment of acute arrhythmias, made possible in 
the coronary care unit. The survival of patients with acute 
transmural MI is now related to the size of the infarction 
and probably to patency of the infarct-related artery. 

Although reduction of myocardial demand can slow 
the rate of infarction, reperfusion is necessary for the 
ultimate salvage of myocardium.' DeWood and co-work- 
ers? landmark studies showed that coronary thrombosis 
with total occlusion is present in approximately 80% of 
infarct-related arteries within the first 6 hours after onset 
of symptoms, and that beyond 6 hours this incidence 
decreases approximately one fourth, to 60%—probably 
because of spontaneous reopening. Their findings sug- 
gested that thrombolytic therapy is the most rational 
approach for achievement of rapid and noninvasive reper- 
fusion. 

This article focuses on thrombosis and thrombolysis in 
acute MI. It reviews patient selection; reperfusion goals 
and end points; simultaneous lysis and thrombosis; re- 
thrombosis and residual thrombus—the roles of arterial 
substrate and rheology, thrombin, anticoagulation, and 
the interaction between platelets and clotting factors; cur- 
rent recommendations; and future prospects. 


Teoma of myocardial infarction (MI) in the 


INCLUSION AND EXCLUSION CRITERIA 

Inclusion criteria for thrombolytic therapy for pa- 
tients at risk of acute transmural MI include: (1) age 
younger than 76 years; (2) ST-segment elevation 20.1 
mV in 2 of 3 inferior leads, 2 contiguous precordial leads, 
or leads I and aVL (not reversed by nitroglycerin); (3) 20 
to 30 minutes of myocardial ischemic pain (not reversed 
by nitroglycerin); and (4) less than 4 to 6 hours elapsed 
time from the onset of ischemic pain to thrombolytic 
therapy. Among patients to whom criteria 2 and 3 apply, 
99% will have acute MI. 

Exclusion criteria for thrombolytic therapy include: 
(1) prolonged time from onset of ischemic pain (more 





than 6 to 12 hours, unless there is persistent pain and 
continued ST-segment elevation); (2) age older than 75 
years; (3) uncontrolled hypertension (>180/110 mm 
Hg) at any time during emergency room evaluation; (4) 
left ventricular hypertrophy on electrocardiogram; (5) 
previous cerebrovascular event or transient ischemic at- 
tack; (6) prolonged cardiopulmonary resuscitation, or 
noncompressive procedural site such as bladder, or bowel 
fulguration, or polyp removal; (7) left bundle branch 
block; (8) active hemorrhage or history of bleeding diath- 
esis; (9) dilated cardiomyopathy or oral anticoagulation; 
(10) advanced or terminal illness; and (11) women of 
childbearing potential.’ 

Previous coronary bypass surgery is not a contraindi- 
cation, since acute thrombotic occlusion may occur in 
these patients, especially beyond 3 years postsurgery. 
Cardiogenic shock is an indication, because reperfusion 
appears critical for its reversal. 


GOALS OF THROMBOLYTIC THERAPY 

The goals and end points of reperfusion are: (1) rees- 
tablishment of flow in the occluded infarct-related artery 
(minutes to hours); (2) improvement in left ventricular 
function (days) or, even better, maximal salvage of myo- 
cardium in jeopardy, as determined by computerized 
tomographic evaluation of perfused viable myocardium 
before and after thrombolysis; and (3) reduction in mor- 
tality (days to weeks). 


INCIDENCE OF REPERFUSION 

In early, smaller studies, all of which involved intrave- 
nous streptokinase, the true incidence of reperfusion was 
problematic for a number of reasons: 

1. Patency was confused with reperfusion. Thus, al- 
though baseline angiography usually showed total occlu- 
sion, only subtotal occlusion was present in 5 to 31% of 
patients. 

2. Time until the follow-up angiogram assessing re- 
perfusion or patency varied in different groups and stud- 
les. 

3. A variable patient population meant that when 
baseline angiography was not used as an inclusion criteri- 
on, the population might have included patients with 
subtotal occlusion, and electrocardiographic criteria also 
varied between studies (ST-segment elevation, depression 
or undefined). 

4. Reperfusion was often undefined or included tran- 
sient reperfusion that was followed by reocclusion within 
the first 90 minutes. 

The Thrombolysis in Myocardial Infarction (TIMI- 
1) trial clarified the measurement of reperfusion by es- 
tablishing 4 grades as criteria for baseline occlusion and 
subsequent reperfusion. 

Grade 0 represented no reperfusion or no flow beyond 
the point of occlusion; grade 1, partial penetration of 
contrast beyond the obstruction, but incomplete filling of 
the infarct-related artery; grade 2, partial reperfusion, or 
contrast that opacified the entire distal coronary artery, 
but with a slow rate of entry or clearance compared witha 
totally normal artery; and grade 3, complete reperfusion, 
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which means complete and prompt filling and clearance 
of contrast media from the coronary artery. 

The TIMI-1 trial, in which baseline angiography was 
performed in every patient before treatment, measured 
the incidence of reperfusion of infarct-related arteries 
with human recombinant tissue-type plasminogen activa- 
tor (rt-PA) and with streptokinase. Reperfusion was 
achieved in more than 60% of patients, both in those who 
presented within 3 hours of onset of ischemic pain and in 
those who presented more than 3 hours after onset. The 
incidence of reperfusion was significantly lower with 
streptokinase than with rt-PA within 3 hours of onset, but 
especially beyond the 3-hour range.* 

The TIMI-1 trial results were confirmed by the Euro- 
pean Cooperative Study Group, which analyzed patency 
results for rt-PA and streptokinase both within and be- 
yond 3 hours. The difference in the 3-hour patency rates 
for rt-PA and streptokinase was of borderline significance 
(p = 0.06) in both the TIMI-1 and European trials; 
however, when data from the 2 are combined, the differ- 
ence in favor of rt-PA is highly significant both for pa- 
tients treated within and beyond 3 hours. Thus, rt-PA 
appears superior to streptokinase in reestablishing flow in 
a totally occluded artery.>> 

The incidence of reperfusion is significantly greater 
(63% for streptokinase, 90% for rt-PA) with any of the 
lytic agents when the baseline perfusion is grade 1 (con- 
trast media penetrating and extending beyond the ob- 
struction, but not completely filling the artery) rather 
than grade 0—suggesting that there is a lesser volume of 
thrombus that requires lysis before complete reperfu- 
sion.>-° 


EFFECT ON MORTALITY 

Results of randomized trials in patients undergoing 
thrombolysis (all but 3 using streptokinase and the others 
using intravenous anisoylated plasminogen streptokinase 
activator complex [APSAC] or rt-PA) also show a signif- 
icant reduction in mortality.’-'> In the International 
Study of Infarct Survival (ISIS-2), streptokinase alone 
reduced mortality from 13.2% in the placebo group to 
10.4%; but the addition of aspirin to streptokinase re- 
duced mortality to 8%. Presumably, aspirin reduced the 
incidence of reocclusion and may have enhanced throm- 
bolysis. However, these results are not altogether clear, 
since admission criteria for ISIS-2 included ST-segment 
depression or no electrocardiographic changes at all. The 
study thus appears to have included a significant number 
of patients with nontransmural MI and unstable angina. 
In these patients, the indication for thrombolysis, if any, is 
not clear. In addition, 50% of the patients received hepa- 
rin which reduced mortality (nonrandomized, retrospec- 
tive analysis) in ISIS-2. Mortality with rt-PA was re- 
duced in 2 trials (from 9.8 to 7.2% and from 5.7 to 
2.8%). '2.13 


EVIDENCE FOR LYSIS AND THROMBOSIS AS 

ONGOING, SIMULTANEOUS PROCESSES 
Electrophoretic, immunologic, chemical and clinical 

evidence suggests that thrombolysis and thrombosis are 
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A SYMPOSIUM: THROMBOSIS AND ANTITHROMBOTIC THERAPY—DIRECTION FOR THE ’90s 


TABLE I Relation Between Platelet Deposition, Substrate 
and Severity of Stenosis 


Stenosis % 0 80 


Residual 
thrombus 


Residual 
thrombus 


Substrate Deep 
arterial 
injury 


66+ 18 


Deep 
arterial 
injury 

22+6 


PD* (n = 10) 4047 219+61 


* PD = platelet deposition x 10®/cm?. 
Adapted from Circulation.?7 


dynamic processes that occur simultaneously. Lysis ap- 
pears to increase both thrombin and platelet activity. 
Both streptokinase and rt-PA increase plasma and uri- 
nary thromboxane A> metabolites (evidence of increased 
platelet activity) and plasma levels of fibrinopeptide A 
(evidence of increased thrombin activity). Mechanisms 
for this may be exposure of thrombin bound to fibrin and 
activation of factor V to Va by plasmin.'*"'® As will be 
discussed later, activated factor V (Va) is a necessary 
component of the prothrombinase complex, which is the 
major pathway of thrombin formation. 

There is further experimental evidence indicating that 
thrombolysis and thrombosis occur simultaneously. In 
experimental studies, effective reduction of thrombosis 
accelerates thrombolysis. Heparin administered in a dos- 
age of 200 U/kg enhances lysis with streptokinase, uroki- 
nase and rt-PA.!?° Specific thrombin inhibition en- 
hances lysis by rt-PA by more than 50%.*! Potent mono- 
clonal antiplatelet antibodies to the specific membrane 
receptor glycoprotein IIb/IIIa (which binds platelets to- 
gether through a fibrinogen molecule link) accelerate 
thrombolysis by rt-PA.?!?? Antiplatelet therapy with re- 
ceptor inhibition for thromboxane A, and serotonin en- 
hances thrombolysis in dogs with subendothelial arterial 
injury (a mild stimulus for thrombosis).?° 


MECHANISMS OF THROMBUS FORMATION 

The extent of platelet deposition, and thus the forma- 
tion of a macroscopic thrombus acutely within an artery, 
depends on the severity of arterial injury. Mild or suben- 
dothelial injury that only denudes the endothelium leads 
to limited platelet deposition (a single layer). However, 
deep arterial injury such as occurs in acute infarction—in 
which the injury extends into the media (below the inter- 
nal elastic lamina) or involves the rupture of a plaque— 
leads to multilayered, unlimited numbers of platelets de- 
posited, and thus to the formation of a macroscopic 
thrombus.” 

The possible sequelae of an arterial mural thrombus 
are: (1) growth to total occlusion; (2) distal embolization 
of tiny thrombi, which have been shown to produce re- 
gions of micronecrosis in patients who die after unstable 
angina; (3) organization of the mural thrombus to pro- 
duce growth of the atherosclerotic plaque; or (4) com- 
plete lysis or dissolution, which is the most desirable 
outcome. The latter can occur in the presence of ade- 
quate antithrombotic therapy, which permits endogenous 
lysis. 
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MECHANISMS OF REOCCLUSION 
AFTER THROMBOLYSIS 

The incidence of reocclusion after thrombolysis is ap- 
proximately 8% within the first 24 hours and 10 to 20% 
overall during hospitalization. Rethrombosis is partly re- 
lated to the thrombolytic agent; it appears to be related to 
the adequacy of thrombolysis and the residual minimal 
diameter of the infarct-related artery at 90 minutes, and 
is probably related to the adequacy of antithrombotic 
therapy.*>76 

In rethrombosis due to anchored residual thrombus, 
the bulk of the residual thrombus produces a persistent 
stenosis that alters the rheology of blood flow. In addition, 
this produces a thrombogenic substrate that is even more 
thrombogenic than the deeply injured arterial wall.7°7’ 

Continuous scintigraphic counting of !!'In-labeled 
platelet activity shows a steady growth of the thrombus, 
which suddenly drops off because of distal embolization, 
and then results in extremely rapid regrowth. Why does 
this regrowth occur? Residual mural thrombus is more 
thrombogenic than deeply injured arterial wall, and the 
residual stenosis potentiates this thrombosis (Table I). In 
an ex vivo perfusion chamber with arterial blood flowing 
directly from the animal through the chamber at a con- 
stant flow, platelet deposition is considerably lower in the 
presence of deep arterial injury than when the substrate is 
residual thrombus, even in the absence of a stenosis. In 
the presence of an 80% stenosis, platelet deposition is 
higher on the deeply injured artery, but is highest by far 
on residual thrombus.*°’ 

Platelet deposition within a stenosis is maximal within 
the minimal diameter of the stenosis; the thrombus is less 
platelet-rich proximal and distal to the stenosis. In addi- 
tion, as the severity of the stenosis increases, there is a 
marked increase in platelet deposition.7+7°7’ 

Platelet deposition is dependent on the shear rate. 
Shear rate is the difference, in blood flow, between the 
fluid or cell velocity at the center of the artery and the 
velocity at the periphery. It is directly related to blood 
flow and inversely related to the third power of the lumen 
diameter. Two factors appear to explain why high shear 
rate leads to increased platelet deposition: Higher shear 
rates appear to increase adenosine diphosphate (ADP) at 
the surface of the platelet, and at high shear rates red cells 
force platelets to the periphery of the artery.*4°7* 

In the presence of mild or superficial arterial injury 
(endothelial denudation only), platelet deposition is not 
well anchored, easily washes away, reaches a ceiling or 
plateau over time, and does not increase. However, in the 
presence of deep arterial injury there is a continued in- 
crease in platelet deposition over time, at a rate that is 
directly related to the shear force.*+:7°.7? Several studies 
have shown that the incidence of reocclusion after throm- 
bolysis is related to the residual coronary stenosis at 90 
minutes. This relation has been demonstrated by measur- 
ing the minimal cross-sectional area, diameter, or percent 
of stenosis of the residual lesion; all of these predict higher 
rates of reocclusion for high-grade residual lesions than 
for less severe lesions.” 





Relationship Between Platelet 
Deposition and Vasoconstriction 
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FIGURE 1. In an experimental pig model, the severity of vaso- 
constriction following arterial injury produced by arterial angi- 
oplasty was directly related to the log of the platelet deposi- 
tion. (Adapted from Circulation.*°) 


VASOCONSTRICTION AND 
PLATELET DEPOSITION 

Vasoconstriction of the artery also contributes to the 
severity of residual stenosis after acute arterial injury. 
Experimentally, the severity of vasoconstriction is direct- 
ly related to the log of the platelet deposition (Fig. 1). The 
degrees of both acute vasoconstriction and platelet depo- 
sition associated with deep arterial injury are reduced by 
a platelet inhibitor that has no vasodilatory effects (but 
can block synthesis of thromboxane A>) such as low-dose 
aspirin at 1 mg/kg/day (Fig. 2).°° 

In studies performed in a pig model, intravenous nitro- 
glycerin, titrated to reduce the mean arterial pressure by 
10 mm Hg during acute arterial injury, reduced the de- 
gree of vasoconstriction, as expected, in both deeply and 
mildly injured arteries; surprisingly, it also significantly 
reduced platelet deposition in deeply injured arteries 
(Fig. 3).*! Vasodilation with nifedipine or verapamil did 
not result in decreased platelet deposition. 

Vasodilatation with other drugs, such as receptor 
blockers for serotonin or thromboxane Ag, significantly 
reduced vasoconstriction but not platelet deposition in the 
presence of deep arterial injury. 


REDUCTION OF RESIDUAL THROMBUS 
WITH ANTICOAGULATION 

At 90 minutes after reperfusion of an infarct-related 
artery, residual thrombus is frequently seen trailing dis- 
tally beyond the area of stenosis. This resolves within the 
following 24 hours in about 50% of patients but it may 
persist through most of the hospitalization period in oth- 
ers. In addition, with anticoagulation, further reduction 
of residual stenosis and improvement in the minimal lu- 
men diameter of the infarct-related artery has been 
shown to occur between the time of lysis and hospital 
discharge. 

Nakagawa et al*4 reported continued improvement of 
the infarct-related artery, with reduction of residual ste- 
nosis after 1 month of rigorous anticoagulation with in- 
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Effect of Low-dose Aspirin on 
Vasoconstriction and Platelet Deposition 


EE ee 
Severe Injury 


ASA ontro ASA 
(1 mg/kg) (1 mg/kg) 


FIGURE 2. The degrees of both vasoconstriction and platelet 
deposition (PD) in an experimental pig model of acute arterial 
injury are reduced with low-dose aspirin (ASA). SE = stan- 
dard error. (Adapted from Circulation.?°) 


Effect of NTG on Platelet Deposition and Vasoconstriction 
Mild Injury 
VC % 


Severe Injury PD 
VC % 
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x 10°/cm’ x 10°/cm’ 
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Control Nitrogiycerin Control Nitroglycerin Control Nitroglycerin Control Nitroglycerin 


FIGURE 3. In the pig model of arterial injury, nitroglycerin 
(NTG) achieved significant reduction in both vasoconstriction 
(VC) and platelet deposition (DP) in severe injury. (Adapted 
from Circulation.?*) 


travenous heparin and subsequent oral anticoagulation. 
They also recognized the development of extraluminal 
contrast pooling in an ellipsoid shape (type A), single or 
paired linear radiolucencies with or without outpouch- 
ing (type B), and with definite outpouching (type C). 
Throughout the study, at least 1 type of the A-C lesions 
developed in over half the patients. The tendency was for 
lesion development to proceed from total or severe occlu- 
sion to type A and then to type B or C, both of which were 
accompanied by progressive reduction in luminal narrow- 
ing and by frequent enlargement of the outpouching. 
Postmortem examination in | patient with a type B lesion 
showed a ruptured atherosclerotic plaque with adjacent 
paired ridges.*4 

These findings confirm the expected presence of resid- 
ual thrombus after thrombolysis, with further lysis occur- 
ring over time with anticoagulation. In conjunction with 
the experimental and clinical data, these findings also 
suggest a probable future tendency in clinical practice to 
use longer-term anticoagulation after thrombolysis, with 
the objective of reducing residual thrombus. 
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FIGURE 4. The major pathway of thrombin formation is via 
the prothrombinase complex, consisting of activated factors 
Xa, Va, Ca++ and phospholipid.39 


Given this likely direction in future practice, one 
should keep in mind that the half-life of bolus intravenous 
heparin is dose-dependent and may vary from 30 to 80 
minutes, depending on patient status. The shorter half- 
life occurs at lower doses such as 3,000 U; the longer half- 
life occurs after a moderate bolus such as 10,000 U. The 
important principle is that heparin plasma levels decrease 
rapidly, especially after the initial bolus, in part because 
heparin binds to endothelial receptors, and a significant 
proportion of the initial bolus is necessary to saturate 
these receptor-binding sites. Heparin levels can be main- 
tained by using an initial bolus followed by a constant 
infusion.*> 


ROLE OF THROMBIN IN 
ARTERIAL THROMBOSIS 

In an initial retrospective study that we conducted in 
pigs receiving different dosages of heparin, there was an 
inverse relation of the log of platelet deposition with in- 
creasing heparin dosage.’ In a subsequent prospective 
randomized study using 6 different dosages of heparin at 
the time of deep arterial injury, quantitative platelet de- 
position steadily decreased as the dosage of heparin in- 
creased. Similarly, quantitative fibrinogen deposition de- 
creased at higher dosages of heparin compared with de- 
position at lower dosages. We hypothesized that heparin’s 


TABLE Il Relative Rates of Prothrombin Activation in the 
Presence of Various Combinations of Components of the 
Prothrombinase Complex 


Components Present Relative Rate 


Xa 
Xa, PCPS 
Xa, Catt 
Xa, Ca**, PCPS 
, Cat*, Va 
Cart PCPS, Va 
a, Catta PCPS, V 
PCPS = phosphatidylcholine-phosphatidylserine; Xa = activated factor X; Va = 


activated factor V. 
Adapted from Mann et al.°9 
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antithrombin effects accounted for its increased effective- 
ness at higher dosages. To test this hypothesis, we used 
the specific thrombin inhibitor hirudin, which is the anti- 
coagulant of the European leech (Hirudinea medicin- 
alis). Hirudin significantly decreased quantitative plate- 
let and fibrinogen deposition even more than the highest 
dosage of heparin, suggesting that thrombin plays a criti- 
cal role in arterial thrombosis.*’ 

We also found that the incidence of macroscopic mu- 
ral thrombi was steadily reduced as heparin dosage was 
increased, and that hirudin totally prevented mural 
thrombosis after deep arterial injury.*’ In our pig model, 
modest doses of heparin plus low-dose aspirin only re- 
duced the incidence of mural thrombosis to 25% in deep 
arterial injury.” Inhibition of specific secondary activa- 
tors of platelets, thromboxane A>, serotonin, or both, 
using receptor inhibitors, did not decrease platelet deposi- 
tion.** This also emphasizes the critical role of thrombin 
in arterial thrombosis. 

How is the major portion of thrombin generated? The 
major pathway of thrombin formation is via the pro- 
thrombinase complex. This complex is composed of acti- 
vated factors X (Xa) and V (Va) and calcium, which are 
all bound to the phospholipid of the platelet membrane 
(Fig. 4).°? 

When all 4 of these factors (Xa, Va, Catt and phos- 
pholipid) are present, the rate of thrombin formation is 
278,000 times greater than the rate of thrombin forma- 
tion in the presence of any single factor alone (Table II). 
Thus, the prothrombinase complex is critical for amplifi- 
cation of the clotting system and thrombus formation.” 

Of the 5 potential stimulators of platelet activation 
during arterial thrombosis (prostaglandins or thrombox- 
ane A», serotonin, ADP, collagen and thrombin), throm- 
bin appears to be the most potent and critical, and it plays 
a key role. There is an important interrelation between 
the coagulation system and platelets via the prothrombin- 
ase complex. Thrombin plays a key role not only in the 
potent activation of platelets, but also in stabilizing the 
clot with the production of fibrin and in the cross-linkage 
of fibrin (via the activation of factor XIa). Proper anti- 
coagulation can thus play an important role in reducing 
arterial thrombosis.*>°? 

Thrombosis can be activated by disturbance of the 
thrombus, by lysis, by mechanical disturbance such as a 
catheter, or after spontaneous embolization, all of which 
appear to expose active thrombin that is bound to fibrin 
within the thrombus. This creates a very active surface 
for rethrombosis. In addition, the thrombolysing enzyme, 
plasmin, activates factor V, which is an important compo- 
nent of the prothrombinase complex, and which, along 
with the platelet membrane, protects factor Xa from 
inhibition by antithrombin III. This plasmin stimulation 
of factor V activation probably also promotes thrombin 
production and rethrombosis. ! 7:33-32 


HEPARIN DURING AND 
AFTER THROMBOLYSIS 

There are no randomized clinical trials testing the 
proper dosage or effectiveness of heparin during and after 





thrombolysis. The dosage used in a recent report by Topol 
et alt? probably was too low to achieve potentiation of 
thrombolysis. The study also involved too few patients to 
judge effectiveness. However, there is strong experimen- 
tal evidence supporting use of heparin during and after 
thrombolysis. !6:!8-20.25,26,36,37,39 

Experimentally, thrombus reaccumulated during in- 
fusion of rt-PA for coronary thrombosis in animals if 
heparin was discontinued. In addition, 200 U/kg of hepa- 
rin enhanced experimental lysis with streptokinase, uro- 
kinase and rt-PA.!?7° Heparin reduces platelet-to-plate- 
let interaction when platelet deposition exceeds a mono- 
layer, as demonstrated by Badimon and Fuster. (The 
heparin studies during deep arterial injury in our pig 
model were previously described.) In addition, Gold of 
Massachusetts General Hospital has found that heparin 
is needed, along with the potent platelet inhibitor anti- 
body to glycoprotein IIb/IIIa, in order to prevent re- 
thrombosis after thrombolysis in the presence of deep 
arterial injury (but not in the presence of superficial inju- 
ry or deendothelialization, where the platelet inhibitor 
alone can prevent rethrombosis in the presence of stenosis 
and this mild thrombogenic stimulus). 


EFFECT OF THROMBOLYTIC AGENTS ON 
INCIDENCE OF RETHROMBOSIS 

The strongest evidence that the choice of thrombolytic 
agents also can affect the incidence of rethrombosis is 
from clinical studies of rescue angioplasty, i.e., acute an- 
gioplasty of the totally occluded infarct-related artery 
resistant to thrombolysis 90 minutes after initiation of 
lytic therapy. The reocclusion rate is characteristically 
high in this situation: When rt-PA alone was used, the 
reocclusion rate was 26 to 31%*!:4*; when urokinase was 
combined with rt-PA the rate was 4%.*? In another study 
using streptokinase combined with rt-PA, with and with- 
out rescue angioplasty, the reocclusion rate was 9%.*4 
Adjunctive therapy with heparin and aspirin was also 
used in all these studies. 


FUTURE PROSPECTS 

Future therapies may include platelet inhibition 
through platelet membrane glycoprotein inhibitors, such 
as inhibition of the von Willebrand factor by a specific 
antibody or protein-receptor blocker. The von Wille- 
brand factor is responsible for platelet adhesion to 
the injured arterial wall, and for interplatelet binding 
through the specific platelet membrane receptors Ib and 
IIb/IIIa, respectively.**?° Whereas aspirin combined 
with heparin reduced platelet deposition in the ex vivo 
perfusion chamber by only 30%, antibody to the von 
Willebrand factor reduced platelet deposition by 80%, 
and the use of blood from pigs with homozygous von 
Willebrand disease reduced platelet deposition by 
91%, 26.45 

Another prospect is the use of monoclonal antiplatelet 
glycoprotein IIb/IIIa antibody, which inhibits the inter- 
platelet binding of fibrinogen at the end-stages of platelet 
aggregation.?®46 This antibody inhibits platelet aggrega- 
tion to collagen, thrombin and ADP, but markedly pro- 


longs the bleeding time for more than 48 hours. It acceler- 
ated thrombolysis with rt-PA in an animal model with 
mild arterial injury.*’ It reduced arterial graft-associated 
platelet thrombosis within the body of the graft.** It pre- 
vented reocclusion after thrombolysis with rt-PA in the 
presence of mild injury, but it required the addition of 
heparin to prevent reocclusion after thrombolysis in the 
presence of deep arterial injury. Another group of investi- 
gators found that this antibody did not reduce thrombosis 
in arterial grafts placed in situ in baboons.*? The conflict- 
ing results may relate to the problem of deep arterial 
injury at anastomotic sites, or to the investigators use of a 
less potent antibody which may or may not affect parallel 
ligand binding of von Willebrand factor.?4-26 

Simultaneous use of receptor blockers of thrombox- 
ane A> and serotonin reduced reocclusion in an animal 
model of mild arterial injury but left intact the most 
important pathway dependent on thrombin and colla- 
gen.*° Thus, whether these agents are better than aspi- 
rin and effective in deep arterial injury remains to be 
proved. 

Today most trials and most investigators are using 
both heparin and aspirin during and after thrombolysis; 
in uncontrolled studies this appears to have reduced reoc- 
clusion rates from the 15 to 20% range to the 5 to 10% 
range. Recurrent ischemia was reduced to a low inci- 
dence of <6% using heparin with the activated partial 
thromboplastin time (APTT) prolonged to 2 to 3 times 
control.°! The importance of heparin was also empha- 
sized in a group of patients treated with streptokinase and 
maintained with heparin therapy; the frequency of recur- 
rent ischemia was inversely related to the level of antico- 
agulation and frequently occurred soon after discontinua- 
tion of heparin.°? The use of combined thrombolytic 
agents appears promising for gaining benefit from im- 
proved acute opening with rt-PA (compared with strepto- 
kinase alone), prolonged lysis, reduced reocclusion and 
cost saving (if streptokinase is used). Thus, the addition to 
rt-PA of either streptokinase or urokinase has been found 
to reduce reocclusion to 9% or less and to provide a cost 
benefit by permitting the use of rt-PA for only the first 
hour. The reason for reduced reocclusion is probably mul- 
tifactorial with the combination of heparin, aspirin, pro- 
longed lysis, reduced plasma fibrinogen and increased 
fibrin-split products that also add to the anticoagulant 
effect. Maintenance infusion of rt-PA reduced reocclu- 
sion in a small controlled clinical trial in patients; how- 
ever, the dosage of rt-PA required usually approached too 
large a dose (150 mg). This high dose appears to in- 
crease the risk of cerebral bleeding. Experimentally, 
platelet inhibition alone has both accelerated thromboly- 
sis and reduced reocclusion rates in the presence of super- 
ficial arterial injury; but the addition of heparin to plate- 
let inhibition appears to be required in the presence of 
deep arterial injury which occurs with plaque rupture. 


CURRENT RECOMMENDATIONS 

Given currently available data, we offer the following 
guidelines for thrombolysis and the reduction of reocclu- 
sion with the caveat that most of these guidelines are 


THE AMERICAN JOURNAL OF CARDIOLOGY FEBRUARY 2,1990 17C 





A SYMPOSIUM: THROMBOSIS AND ANTITHROMBOTIC THERAPY—DIRECTION FOR THE ’90s 


empirically based rather than conclusions from con- 
trolled clinical trials. Cost-effective successful lysis with 
lowest reocclusion rates may best be achieved with rt-PA, 
1 mg/kg (up to 70 mg) over the first hour (with 10 mg 
given as the initial bolus), and with simultaneous strepto- 
kinase, 1.5 million intravenous units over 1 hour. Throm- 
bolytic therapy is combined with heparin started immedi- 
ately. Heparin significantly reduces early reocclusion, re- 
current ischemic episodes, mortality, and in anterior 
myocardial infarction reduces the incidence of left ven- 
tricular mural thrombosis.°**~°° A heparin bolus of 150 
U/kg is given with the lytic agents, and an infusion of 
1,000 U/hour is started immediately to maintain heparin 
levels. The heparin infusion is adjusted, starting approxi- 
mately 12 hours later, to maintain APTT at 2 to 3 times 
control for 3 to 5 days. APTT measurements obtained 
before 12 hours can be used to be sure that APTTs are not 
too low, requiring increased heparin dosage. However, 
APTT measurements should not be used to limit the 
heparin infusion below 1,000 U/hour, because thrombo- 
lysis can also contribute to prolonged APTT. Therapy 
with aspirin is begun immediately at a dosage of 160 mg/ 
day and continued indefinitely. Empiric vasodilation with 
intravenous nitroglycerin, administered to reduce the 
mean arterial pressure by 10 mm Hg, may be helpful in 
reducing the incidence of associated arterial spasm, maxi- 
mizing the minimal lumen diameter of the stenosis so as 
to reduce shear forces within the infarct-related artery 
and stenosis; and it may assist in platelet inhibition and a 
reduction of ongoing thrombosis and rethrombosis.”! 

Acute routine angioplasty does not appear to be neces- 
sary, and it may be detrimental by increasing the risk of 
rethrombosis; but it can be considered at any time in 
patients with ongoing or recurrent ischemia, or in the 
presence of a positive rehabilitation exercise test or clini- 
cal evidence for heart failure.°’°? Maxirnal therapy to 
enhance continued lysis of residual mural thrombus in- 
cludes combined anticoagulation with warfarin and low- 
dose aspirin at 80 mg/day (to maximize antithrombotic 
therapy and minimize the risk of bleeding) as suggested 
by new studies in unstable angina.6®6! In patients who 
have no residual ischemia or evidence of severe residual 
stenosis, aspirin alone (160 mg/day) may suffice. 

It is uncertain whether a future lytic agent will surpass 
the effectiveness of existing agents. However, combining 
potent antithrombin therapy with lytic agents appears 
very promising for both the acceleration of thrombolysis 
and the reduction of reocclusion. The associated roles of 
blockers of adhesive glycoproteins, such as the von Wille- 
brand factor, or blockers of platelet glycoprotein recep- 
tors, such as antibody to glycoprotein receptor IIb/IIIa, 
need further investigation. The use of a specific thrombin 
inhibitor appears promising for both accelerating throm- 
bolysis and blocking the platelet rich thrombosis that 
occurs in arteries?!37-62; these need further study. The use 
of oral anticoagulation for the initial 1 to 3 months with 
or without low-dose aspirin will probably play an increas- 
ing role in enhancing further lysis of residual thrombus 
and minimizing growth of atherosclerotic lesions. Low- 
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dose oral anticoagulation with or without platelet inhibi- 
tion may play a future long-term role. 

Increased attention to risk-factor reduction—espe- 
cially adjustment of blood lipids (decreasing low-density 
and increasing high-density lipoprotein cholesterol), con- 
trol of blood pressure, abstinence from smoking and con- 
trol of diabetes—is of great importance in reducing the 
progression of atherosclerotic disease. 
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Anticoagulant Therapy After Acute 
Myocardial Infarction 


Alexander G.G. Turpie, MD 


The use of anticoagulant therapy for patients who 


have had an acute myocardial infarction is still con- 
troversial, mainly because early major studies had 
conflicting findings, but reanalysis of the data did 
produce evidence that anticoagulation had clinically 
and statistically significant benefits. Now more evi- 
dence, including the results of a 10-day in-hospital 
study of low- and high-dose calcium heparin, has 
been gathered to support using anticoagulants for 
these patients. 

The study used the development of left ventricu- 
lar mural thrombosis, a frequent complication of 
acute myocardial infarction that carries a high risk 
for systmic embolic complications, to assess clinical 
outcome: A reduced incidence of mural thrombosis 
would be taken to indicate reduced chances that 
patients would have major systemic emboli. Two- 
dimensional echocardiography was used to detect 
thrombi. 

In the study, the incidence of left ventricular mu- 
ral thrombosis was significantly lower in the high- 
than in the low-dose group. Among patients in the 
high-dose group in whom a mural thrombosis did 
develop, plasma heparin concentrations were sig- 
nificantly lower and activated partial thromboplas- 
tin times were shorter. These data suggest that 
monitoring plasma heparin levels and anticoagulant 
response can ensure maximal treatment effective- 
ness. No significant differences in other out- 
comes—such as bleeding complications, nonhe- 
morrhagic strokes and mortality—were found be- 
tween the high- and low-dose treatment groups. 

(Am J Cardiol 1990;65:20C-23C) 
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ether anticoagulant therapy should be ad- 
W ministered to patients after an acute myocar- 
dial infarction (MI) remains a controversial is- 
sue. Accumulating evidence strongly suggests that ad- 
ministering anticoagulant therapy to patients who have 
had acute MI is associated with several potential benefits. 
These include: (1) decreasing mortality, (2) reducing in- 
farct extension or recurrent infarction, (3) preventing left 
ventricular mural thrombosis and systemic embolism, 
and (4) preventing deep-vein thrombosis and pulmonary 
embolism. These potential benefits of anticoagulant ther- 
apy have not been universally recognized, however, large- 
ly because of the conflicting findings of early studies. 

The controversy surrounding the use of anticoagulant 
therapy after acute MI reflects the inconsistent findings 
of 3 large randomized and controlled clinical trials of 
anticoagulant therapy for acute MI that were published 
in the late 1960s and early 1970s.'~? All 3 studies report- 
ed that anticoagulant therapy resulted in reduced mor- 
bidity and fewer systemic emboli and venous thromboem- 
boli. However, only 2 of the studies! cited fewer strokes 
or pulmonary emboli. Furthermore, only 1 of the 3 trials? 
showed a statistically significant reduction in mortality. 
Thus, these findings provided little clear-cut evidence of 
which outcomes were improved by using anticoagulants. 

The results of a subsequent meta-analysis of all trials 
of anticoagulant therapy for acute MI were published by 
Chalmers et al* in 1977. It provided convincing evidence 
that anticoagulant therapy does produce a clinically and 
Statistically significant reduction in the major outcomes 
of MI, including death and thromboembolic events. 

However, despite the evidence that anticoagulants are 
beneficial for treating acute MI, there is currently no 
consensus on their use. In fact, prescribing patterns vary 
widely from one region to another. Nowhere is this better 
illustrated than in the recent International Study of In- 
farct Survival (ISIS-2) study of the planned use of anti- 
coagulant therapy.’ This study found that 89% of physi- 
cians in France planned to use anticoagulant therapy, 
compared with no physicians in Belgium. In the United 
States, use of full-dose intravenous heparin was planned 
for 37% of patients, oral anticoagulant therapy for 5% of 
patients, and low-dose subcutaneous heparin for 31% of 
patients. 

There are several reasons why anticoagulant therapy 
has not been more widely adopted for management of 
acute MI. These include the inconsistent trial results, the 
small (although statistically significant) reductions in the 
major outcomes, and the development of alternative 
treatment regimens—particularly systemic thrombolytic 
therapy and early angioplasty. 

Moreover, major advances in treating acute MI have 





been made during the years since the original studies of 
anticoagulant therapy were conducted, and these ad- 
vances have resulted in a decrease in control mortality 
from 20% to only about 10 to 12%. Using today’s metho- 
dologic standards, many thousands of patients with acute 
MI would have to be enlisted into a randomized prospec- 
tive trial in order to demonstrate statistically significant 
benefits of anticoagulation treatment in reducing major 
adverse outcomes, such as mortality and systemic embol- 
ic events. 


LEFT VENTRICULAR MURAL THROMBOSIS 
AS A “SURROGATE” END POINT 

A reasonable alternative study strategy would be to 
use “surrogates” to assess important clinical outcomes. 
Left ventricular mural thrombosis is one such possible 
surrogate. Mural thrombosis is a frequent complication 
of acute MI. (The frequency of mural thrombosis, as 
determined by autopsy series, is approximately 50%.) 
Thrombus formation is probably determined by the inter- 
action of left ventricular systolic dysfunctions, primarily 
dyskinesia, and endocardial necrosis. 

The development of 2-dimensional (2-D) echocardi- 
ography has provided an accurate means of detecting 
thrombi in a clinical setting. Numerous studies of mural 
thrombosis in patients with acute MI have found the 
incidence of thrombi to be about 20 to 30% in all patients 
with MI, but considerably higher (40 to 50%) in patients 
with anterior transmural MI. 

The occurrence of left ventricular mural thrombosis 
carries a high risk of systemic embolic complications, 
such as stroke, mesenteric embolism, or acute femoral or 
brachial artery occlusion. The incidence of systemic em- 
bolic events among patients in whom a mural thrombus 
develops has been reported to be as high as 37%. Al- 
though the risk is highest during the first month after an 
acute MI, thrombi can persist—as can their embolic po- 
tential. These embolic events can complicate the care of 
patients who are convalescing after an acute MI. 

Because most clinically significant systemic emboli 
are associated with left ventricular mural thrombosis, it 
seems reasonable to consider a reduction in left ventricu- 
lar mural thrombosis as an indicator for a clinically sig- 
nificant reduction in major systemic embolic events. 


METHODS 

To explore this hypothesis, a double-blind, random- 
ized multicenter trial was conducted to compare a high vs 
low dosage of calcium heparin administered subcutane- 
ously for 10 days to prevent left ventricular mural throm- 
bosis in patients with acute anterior transmural infarc- 
tion. High dosage was defined as 12,500 U every 12 
hours; low dosage as 5,000 U every 12 hours. 

Study end points: The principal outcome measured 
by the study was left ventricular mural thrombosis, de- 
tected by 2-D echocardiography 10 days after the pa- 
tient’s MI. A positive diagnosis consisted of a well-de- 
fined intracavitary mass in contact with, but distinct 
from, mural endocardium, visualized in more than 1 view 
or plane, and synchronous in motion with underlying 
myocardium (Fig. 1). Presence or absence of left ventric- 
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FIGURE 1. Two-dimensional echocardiogram showing a well- 
defined intracavitary mass in contact with, but distinct from, 
the mural endocardium. LA = left atrium; LV = left ventricle; 
MV = mitral valve; RA = right atrium; RV = right ventricle. 


ular wall motion abnormalities was also noted during 
echocardiography. Each 2-D echocardiogram was inter- 
preted independently, and in a blinded fashion, by 3 car- 
diologists who were experienced in the use of echocardi- 
ography. Any disagreements were resolved by consensus. 

Other outcomes assessed by the study included death 
of the patient, nonhemorrhagic stroke, mesenteric or pe- 
ripheral arterial embolism, deep vein thrombosis, pulmo- 
nary embolism and bleeding complications. All patients 
were examined daily for evidence of bleeding and other 
aftereffects during the 10-day treatment period in the 
hospital, with 2-D echocardiography performed on the 
tenth day after MI. After discharge from the hospital, the 
patients were followed for 1 year to keep track of mortali- 
ty and the development of systemic emboli and venous 
thromboemboli. 

A consecutive series of 233 patients with suspected 
acute transmural anterior infarction were recruited for 
the study. Inclusion criteria were (1) typical ischemic 
pain for at least 20 minutes or longer within 24 hours of 
assessment, and (2) electrocardiographic evidence of 
evolving or completed anterior MI. 

Patient groups: Patients were excluded if they were 
age 90 years or older, had undergone cardiopulmonary 
resuscitation from asystole or secondary ventricular fi- 
brillation, were unable to begin treatment within 36 hours 
of pain onset, or if heparin administration was contraindi- 
cated—e.g., if the patient had active or recent hemor- 
rhage, peptic ulceration or recent surgery. 

Of the 233 original patients, 221 were included in 
analyses of heparin effectiveness and safety (Table I). Of 
these, 183 (95 in the high-dose heparin group and 88 in 
the low-dose heparin group) underwent 2-D echocardiog- 
raphy on the tenth day. 

There were no significant differences in the baseline 
characteristics of the patients in the 2 treatment groups. 
Forty-one percent of the patients had received 6 blockers, 
and 19% had received nonsteroidal anti-inflammatory 
drugs. Only 6% had received aspirin at any time during 
the first 10 days after infarction. Use of these drugs was 
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TABLE I Patient Population 


Total randomized = 233 


Ineligible = 12 
No infarction 
Major surgery 
Refused 
Delayed entry 


Eligible = 221 


No 2-D Echocardiography = 38 
Died <10 days 24 

Refused 8 

Too ill 3 

Technical 


2-D echocardiography = 183 


Rx 36 hours = 171 Rx 36-72 hours = 12 


TABLE Il Incidence of Left Ventricular Mural Thrombosis at 
10 Days After Myocardial Infarction 


Finding on 2-D Echo High-Dose Group Low-Dose Group 


Positive 10 (10.5%)* 28 (31.8%)* 
Negative 60 
Total patients 


CK U/L 
(mean + SEM*) 


1,097 + 125 
1,920 + 149 
2,282 + 213* 
1,819 + 108 


High-dose group 
Low-dose group 
Positive 2-D echocardiography 
Negative 2-D echocardiography 


* p = 0.028 
SEM = standard error of the mean. 


TABLE IV Plasma Heparin Concentrations and 
Corresponding APTTs 


High-Dose Group Low-Dose Group 


Mean + SEM plasma 0.18 + 0.017 0.01 + 0.005 


heparin (U/ml) 
Mean APTT (sec) 47.8 + 1.23 34.8 + 0.75 


APTT = activated partial thromboplastin time; SEM = standard error of the mean. 


distributed evenly among the patients in the 2 treatment 
groups. 


RESULTS 

The study showed a 10.5% incidence of left ventricu- 
lar mural thrombosis among the high-dose heparin 
group, which was significantly lower than the 31.8% inci- 
dence among the low-dose group (Table II). Of the 10 
mural thrombi in patients who received high-dose hepa- 
rin, 5 were flat and 5 were protuberant; 1 protuberant 
thrombus was mobile. Of the 28 mural thrombi in pa- 
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®-* Positive 
* Negative 


Plasma Heparin Conc. (U/mL) 


FIGURE 2. Mean plasma heparin concentration in high-dose 
group: Comparison between patients with positive and nega- 
tive results on 2-dimensional echocardiography. 


®- Positive 
ee Negative 


APTT (sec) 


FIGURE 3. Mean activated partial thromboplastin time 
(APPT) in high-dose group: Comparison between patients with 
positive and negative results on 2-dimensional echocardiogra- 
phy. 


tients treated with low-dose heparin, 15 were flat and 13 
were protuberant; none was mobile. 

As expected from previous studies, thrombosis and 
ventricular wall motion abnormalities were associated. 
Almost 95% of the 183 patients who underwent 2-D 
echocardiography had abnormal wall motion, which was 
classified as akinesia in most cases. All patients with 
mural thrombosis also had wall motion abnormalities, 
whereas no ventricular thrombi were found in patients 
with normal wall motion. 

Serum creatine kinase levels were measured on hospi- 
tal admission and again 8 and 16 hours later. The highest 
concentrations recorded for each patient were used to 
calculate the mean serum creatine kinase levels. There 
were no significant differences between the mean creatine 
kinase concentrations of the high- and low-dose groups. 

In contrast, patients with positive results had signifi- 
cantly higher serum creatine kinase levels than patients 
with negative results on 2-D echocardiograms (Table 
II). This finding is consistent with the results of previous 
studies that showed a correlation between the frequency 
of left ventricular mural thrombosis and infarct size. 
However, in the high-dose group alone, there were no 
significant differences in peak creatine kinase concentra- 
tions between patients with positive or negative results on 
2-D echocardiograms. 





Of the 183 patients who underwent echocardiogra- 
phy, 82 were taking 8 blockers. Of this subgroup, 28% 
had a mural thrombus, whereas of the 101 patients not 
receiving 6 blockers, only 15% had a mural thrombus 
(p <0.01). The high incidence of mural thrombi in the 6- 
blocking group may be related to the hemodynamic ef- 
fects of the negative inotropic action of these drugs. 

Because all patients were given a constant-dose hepa- 
rin regimen during the 10-day treatment period, the plas- 
ma heparin concentrations and the corresponding acti- 
vated partial thromboplastin times (APTTs) were mea- 
sured daily at the midpoint between injections. Not 
surprisingly, the mean plasma heparin concentration in 
the high-dose group was significantly higher—almost 20 
times higher—than that in the low-dose group. Similarly, 
the mean APTT in the high-dose group was also signifi- 
cantly higher than that in the low-dose group (Table IV). 

In the high-dose group the plasma heparin concentra- 
tions were significantly lower among patients in whom a 
mural thrombus developed than among those in whom it 
did not. The APTTs were also significantly different: 
Patients with negative results on the 2-D echocardiogram 
had longer APTTs (Fig. 2 and 3). These data clearly 
show the relation between anticoagulant response and 
clinical effectiveness in preventing left ventricular mural 
thrombosis. They also suggest that plasma heparin levels 
and anticoagulant response should be monitored to 
achieve maximal therapeutic effectiveness. 

Other short-term outcomes: During the 10-day in- 
hospital observation period, there were nonhemorrhagic 
strokes in 1 of 95 patients in the high-dose heparin group, 
and in 4 of 88 patients in the low-dose heparin group. This 
difference was not statistically significant. Four of the 5 
patients who had nonhemorrhagic strokes underwent 2-D 
echocardiography, which showed that 3 of the 4 had a left 
ventricular mural thrombosis. One patient in the low- 
dose group had a fatal pulmonary embolism. 

There were no cases of transient ischemic attacks or 
peripheral arterial embolism during the 10-day in-hospi- 
tal period. 

No statistically significant differences were found be- 
tween the high- and low-dose groups in the frequency of 
bleeding complications. Overall, 6 patients in the high- 
and 4 in the low-dose groups had hemorrhagic complica- 
tions. The only major bleeding complication observed was 
gastrointestinal hemorrhage, which occurred in 1 patient 
in each group. 

Twenty-four patients died during the 10-day treat- 
ment period: 11 in the high- and 13 in the low-dose 
heparin groups. This difference was not significant. (As 
was pointed out earlier, mortality was not the primary 
outcome measured by this study. Thousands of patients 
would have to be treated and followed in order to detect 
any significant decrease in mortality.) 

Cardiac arrest was the leading cause of death in both 
groups, but it appeared to occur earlier among patients in 
the high-dose group. The other causes of death included 
myocardial rupture, cardiogenic shock and pulmonary 
embolism—all of which are common causes of mortality 
among this patient population. 

Study follow-up: As mentioned earlier, the patients 
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were observed for up to 1 year after infarction. (The 
course of therapy after the 10 days of treatment with 
either high- or low-dose calcium heparin was left to the 
discretion of the patients’ physicians.) Thirty of the 38 
patients with positive results on 2-D echocardiograms 
were treated with anticoagulants for up to 6 months; the 
remaining patients were treated with antiplatelet agents. 
In none of the latter did systemic embolism develop dur- 
ing follow-up. 

Overall, 4 patients had a stroke during the follow-up 
period—2 in each of the original treatment groups. In 
addition, 4 patients—3 in the original high- and 1 in the 
low-dose groups—had transient ischemic attacks. These 
cerebral events occurred between the eleventh day and 
the tenth month after the patient’s infarction. 

None of these patients had positive results on 2-D 
echocardiograms or had received anticoagulant therapy 
after the tenth day. 

With regard to long-term mortality, a total of 25 
patients died during the follow-up period—13 in the 
high- and 12 in the low-dose groups. Again, this differ- 
ence was not significant. One patient in each group died 
of a stroke, and 1 patient in the low-dose group had a fatal 
pulmonary embolism 1 month after the acute MI. The 
deaths of the other 22 patients were due to either docu- 
mented MI or sudden death. 


CONCLUSIONS 

The results of this study support the benefits of in- 
hospital anticoagulant therapy for patients with acute 
MI. More specifically, this study showed that using high- 
dose subcutaneous calcium heparin (12,500 U every 12 
hours) for patients with acute anterior transmural MI 
significantly decreased the incidence of left ventricular 
mural thrombosis. The regimen was not associated with 
increased incidence of bleeding complications. Further- 
more, the beneficial effects of this anticoagulant regimen 
appear to be related to plasma heparin concentration and 
to the corresponding APTT response, suggesting that 
these parameters should be monitored. 

Thus, accumulating evidence now strongly supports 
the wider use of anticoagulant therapy during the imme- 
diate post-MI period, to reduce effectively and safely 
mural thrombosis formation and its potential conse- 
quences in terms of morbidity, associated thromboembol- 
ic complications and mortality. 
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Thromboembolic Complications of Atrial 
Fibrillation and Their Prevention: A Review 


Palle Petersen, MD 


Atrial fibrillation (AF) is found in 0.4% of adults 


younger than age 60 years and in 2 to 4% older 
than age 60 years, and is associated with a high 
risk of thromboembolic complications. AF—parox- 
ysmal and chronic—has many etiologies, including 
rheumatic and nonrheumatic heart disease and thy- 
rotoxicosis. Knowing how strokes occur and what 
precipitates them—e.g., differentiating between 
cardioembolic and cerebrovascular causes—is im- 
portant when deciding on appropriate treatment. 
Risk factors involved in the development of throm- 
boembolic complications associated with AF are re- 
viewed, focusing on the contributions of thyrotoxic 
AF, paroxysmal AF (and its transition to chronic 
AF), enlargement of the left atrium, silent cerebral 
infarction and decreased cerebral blood flow. Data 
from several studies are briefly presented, high- 
lighting major outcomes. On the basis of current in- 
formation about prevention of thromboembolic 
complications, it seems reasonable to recommend 
anticoagulant treatment for patients with nonrheu- 
matic chronic AF. 

(Am J Cardiol 1990;65:24C-28C) 
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increased risk of stroke, is found in 0.4% of adults. 

Its prevalence increases with age, reaching 2 to 
4% in persons older than age 60. Cerebrovascular events 
among patients with AF occur at an overall rate of 25%, 
with the highest number recorded at onset of AF. In the 
Framingham study, patients with AF but without rheu- 
matic heart disease had a more than fivefold increase in 
stroke incidence, whereas patients with AF and rheumat- 
ic heart disease had a 17-fold increase, compared with a 
control population with normal sinus rhythm. 

Thromboembolic complications associated with AF 
cover a wide spectrum, and their manifestation can be 
either symptomatic or asymptomatic (silent). At one end 
of the spectrum, stroke is the most obvious symptomatic 
expression. Transient ischemic attacks, lasting from a few 
minutes to up to 24 hours, are in the intermediate area. 
Recent studies suggest that asymptomatic brain infarc- 
tions, decreased cerebral blood flow, and perhaps an en- 
larged atrium, occupy the silent end of the spectrum. In 
addition, embolism is a well-known complication of elec- 
trical cardioversion of AF, occurring in 1 to 3% of pa- 
tients. 

Thromboembolic complications of AF can be caused 
by paroxysmal atrial fibrillation (PAF) (episodes of 
short, spontaneous paroxysms) or by chronic AF. 

AF can be caused by a number of underlying diseases, 
including rheumatic and nonrheumatic heart disease (in- 
cluding thyrotoxic heart disease, hypertensive and isch- 
emic heart disease and previous stroke). There is also 
increased awareness of a group of patients with so-called 
lone AF, in whom there is no detectable heart disease. 
The prevalence of lone AF found by various studies has 
varied from 5 to 25% in patients with PAF and has been 
about 0.6% in those with chronic AF. 

There is a tendency to attribute stroke to cardioem- 
bolic sources when AF is present. However, the true inci- 
dence of cardioembolic strokes (clinical estimates range 
from about 20 to 75%) is unknown—unlike strokes relat- 
ed to cerebrovascular disease. Failure to find atrial 
thrombi by conventional transthoracic echocardiography 
does not preclude the possibility of cardioembolic stroke. 
Better results can be obtained with transesophageal echo- 
cardiographic methods, particularly with thrombi in the 
atrial appendage. Other imaging methods, such as com- 
puted tomography (CT) scanning, ultrafast CT scanning 
and nuclear magnetic resonance imaging, may probably 
also improve detection of atrial thrombi. 

Identifying how strokes occur and knowing what pre- 
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cipitates them have important implications for treating 
stroke patients and for preventing strokes in others. Such 
identification would make it possible to define subgroups 
of patients at high risk of stroke who need aggressive 
therapy (anticoagulants, aspirin), and subgroups at low 
risk, who may well need less aggressive therapy directed 
at specific underlying causes. 


THYROTOXICOSIS 

Thyrotoxicosis is an important underlying cause of 
AF. Recent studies have shown a high incidence of cere- 
bral embolism in patients with thyrotoxicosis. Because 
these trials were not sufficiently controlled, we conducted 
a retrospective study of a consecutive series of 610 pa- 
tients with a mean follow-up of 39 months (range 0 to 
108). The mean time that elapsed before patients became 
euthyroid was 10 weeks.! 

Of the 610 patients, 91 (14.9%) had AF on admission. 
Frequency increased with age and was >25% after age 
60. Only 0.9% of patients younger than age 50 had AF. 
Sinus rhythm was restored in 46% of patients with AF 
after treatment for thyrotoxicosis, but the frequency of 
reversion varied from 100% of the younger patients to 
25% of the older. No patient underwent electrical conver- 
sion to sinus rhythm. 

Cerebrovascular events occurred in 27 patients, 12 in 
patients with AF and 15 in patients in sinus rhythm. 
Thirteen events occurred during the first year—S in pa- 
tients with AF and 8 in patients in sinus rhythm—and all 
occurred before the patients became euthyroid. Statisti- 
cal analysis showed that only age, not gender or AF, was 
a significant risk factor. 

In our study, 13 patients had stroke and 14 had tran- 
sient ischemic attacks. The risk of stroke with PAF has 
long been controversial. A recent study of 426 patients 
with initial PAF found a low frequency of stroke, whereas 
the stroke rate increased significantly in patients in whom 
chronic AF later developed.” Our study of patients with 
thyrotoxicosis found no significant difference between 
PAF and chronic AF in the number of embolic events, 
indicating that even chronic AF was associated with a low 
risk of cerebrovascular events. The risk of stroke for pa- 
tients with thyrotoxic AF thus appears to be lower than 
previously believed. 

Results of our study suggest that patients with AF and 
untreated thyrotoxicosis do not have significantly more 
embolic events than age-matched thyrotoxic control pa- 
tients in sinus rhythm. Nevertheless, the incidence of such 
events during the first year was slightly higher in the 
thyrotoxic patients in sinus rhythm, compared with 
nonthyrotoxic patients in sinus rhythm in epidemiologic 
studies. Because all cerebrovascular events during this 
period occurred before the patients became euthyroid, it 
is recommended that thyrotoxicosis be treated promptly, 
regardless of electrocardiographic findings. 


PAROXYSMAL ATRIAL FIBRILLATION 
PAF may play an important role in the development 
of embolic complications. The only previous study of the 
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risk of embolic complications in patients with PAF 
showed a rate of cerebral emboli of 6.4% during a 10-year 
period, but further details on etiologic differences, and on 
the relation of duration of AF to the incidence of embo- 
lism, are unknown.? 

It is of great clinical importance to know whether 
PAF carries the same risk of embolic complications as 
chronic AF. We therefore conducted a retrospective 
study’ to relate the rate of systemic embolic complica- 
tions to underlying etiology, to number of paroxysms, to 
type of fibrillation (paroxysmal or chronic), and to time 
of onset of the initial episode. 

The study included 426 consecutively hospitalized pa- 
tients with PAF (median age 66 years; range 20 to 89). 
Underlying diseases were mainly ischemic or hyperten- 
sive heart disease, rheumatic heart disease and thyroid 
heart disease. Other underlying diseases included cardio- 
myopathy, lone fibrillation and sick sinus syndrome. No 
patients received anticoagulant therapy for AF, but pa- 
tients with established embolic complications received 
warfarin therapy, if not contraindicated. 

The median duration of follow-up for the entire series 
was 3.5 years (range 0 to 24). Two groups emerged from 
the retrospective analysis: Group A comprised 285 pa- 
tients with initial PAF and 1 or more recurrent parox- 
ysms, but without transition to a chronic condition. The 
median follow-up for this group was 2.9 years (range 0 to 
16.2). Group B included 141 patients with initial PAF, 1 
or more relapses, and eventual transition to chronic AF. 
The median follow-up for this group was longer (9 years; 
range 0 to 24), because their median age at AF onset was 
lower than the median age of group A (63 vs 68 years). 

For 273 patients (64% of the entire series), the initial 
paroxysm subsided within 1 week, and for 227 patients 
(53.3% of the series) the duration was less than 1 or 2 
days. The initial paroxysmal episode lasted for more than 
| year before spontaneous reversion to sinus rhythm for 
only 5 patients. 

Of the 79 systemic arterial emboli that occurred 
(18.5% of the entire series), 46 (58.2%) were cerebral. 
The rate of embolic complications varied significantly 
with underlying etiologies: They occurred in 15.9% of the 
patients with nonrheumatic heart disease and in 35.7% of 
the patients with rheumatic heart disease. 

Statistical analysis using Cox’s regression model indi- 
cated that occurrence of embolic complications was sig- 
nificantly influenced by the transition from PAF to 
chronic AF, but not by gender, etiology or age. Because 
the transition to chronic AF depended on etiology (rheu- 
matic heart disease), but not on gender or age, an indi- 
rect interaction between etiology and occurrence of em- 
bolic complication is implied. Finally, the occurrence of 
chronic AF also depended on a previous occurrence of 
embolic complications, whereas mortality rate depended 
only on embolic complications and age. 

During the first 5 years after the initial diagnosis of 
AF, the overall incidence of embolism with persistent 
PAF was 6.8% during the first month, decreasing to a 
rate of about 2% per year for the next 5 years. For pa- 
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tients who underwent transition of chronic AF, the first- 
year incidence rate was 13.3%, decreasing to about 4% for 
the next 4 years. 

The yearly mean incidence of emboli during the first 5 
years was 2.0% in patients without transition to chronic 
AF, and 5.1% in patients after transition was established. 
In both groups, however, distinct clustering of embolic 
complications occurred during the first year, both at the 
onset of PAF (65.7%) and at the time of transition to 
chronic AF (61.3%). 

This study confirmed that the risk of stroke is in- 
creased for patients with AF due to rheumatic heart 
disease, compared with other etiologies. However, most 
of the embolic complications these patients had were seen 
at the time of or after transition to chronic AF. The 2 
etiologic groups with ischemic or hypertensive heart dis- 
ease did not differ significantly in number of embolic 
complications. 

Of the 141 patients in whom chronic AF eventually 
developed, 13 had emboli at the time of transition. The 
incidence of embolic complications from PAF was 2.0%, 
or about twice the frequency found in epidemiologic stud- 
ies of patients without AF. The risk of emboli decreased 1 
year after the onset of AF, regardless of whether it was 
chronic or paroxysmal. 

Our finding of a 5.1% yearly incidence of embolism 
associated with chronic AF compared with the 8% found 
by an earlier cardiac study. Surprisingly, few embolic 
complications were seen during the course of PAF. More- 
over, the finding of very few strokes associated with par- 
oxysmal vs chronic AF cannot be explained by age differ- 
ence between the groups because the patients with transi- 
tion were younger than those without. 

It is not known why PAF carries a low rate of embolic 
complications compared with chronic AF. Future studies 
will have to show whether other factors such as reduced 
cerebral blood flow and high blood viscosity (e.g., during 
diuretic treatment of heart failure) contribute to the de- 
velopment of strokes associated with AF. Prophylactic 
anticoagulation has been advocated on the basis of its 
effective reduction of embolism in patients with rheumat- 
ic AF and with prosthetic valves. 

Our findings suggest that further trials of anticoagu- 
lation therapy for AF to prevent stroke, particularly for 
recent-onset AF, appear warranted. More aggressive pro- 
phylactic treatment of PAF with antiarrhythmic drugs 
could possibly postpone the development of chronic AF 
and thereby reduce the higher risk of embolic complica- 
tions; however, this approach remains to be ascertained. 
On the other hand, the possibility of stroke as the initial 
manifestation of embolism makes the withholding of an- 
tithrombotic therapy until embolism is evident an unsat- 
isfactory approach to treatment. 


LEFT ATRIAL ENLARGEMENT 
AND ATRIAL FIBRILLATION 

The association of left atrial enlargement with AF is 
widely accepted, but whether enlargement is a cause or a 
consequence of arrhythmia is still debated. 

To determine left atrial dimensions of patients with 
AF of short and long duration, we conducted an echocar- 
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diographic study involving 3 groups of patients.* Group 1 
comprised 36 patients (mean age 72 years; range 47 to 
87) with AF for less than 3 months, as judged by previous 
electrocardiograms, careful clinical history and a review 
of all medical charts and records. Group 2, which com- 
prised 34 patients (mean age 73 years; range 62 to 86) 
with arrhythmia for at least 1 year, were judged by the 
same criteria as before. Group 3 was a control group of 31 
healthy persons (mean age 73 years; range 58 to 84). 

M-mode echocardiography, with the transducer 
placed in the third intercostal space in the parasternal 
position, was used to determine left atrial dimension. The 
anteroposterior dimension of the left atrium was taken as 
the largest dimension from the leading edge of the poste- 
rior aortic wall to the leading edge of the posterior atrial 
wall. Six months later, all patients with AF again under- 
went a physical examination, and echocardiography was 
repeated by the same investigator, without knowledge of 
the previously measured left atrial dimension. 

A highly significant difference in left atrial dimension 
was found among the 3 groups: The smallest atria (38 + 6 
[mean + standard deviation] mm) corresponded to pa- 
tients in sinus rhythm, the intermediate atria (43 + 5 
mm) to patients with AF of short duration, and the larg- 
est atria (49 + 5 mm) to patients with AF of long dura- 
tion. When corrected for body surface area, these differ- 
ences were less pronounced, but remained statistically 
significant. 

When echocardiography was repeated 6 months later, 
the mean left atrial dimension for short-term AF had 
increased to 49 + 6 mm; for long-term AF, it had in- 
creased to 53 + 5 mm. This difference in left atrial 
dimension between the 2 groups was still significant. 

Contrary to some previous studies, our findings of a 
significant difference between left atrium size in patients 
with short- and long-term chronic AF, and of a signifi- 
cant increase in size for both groups after 6 months, 
suggest that AF contributes to the development of atrial 
enlargement, rather than being caused by it.*6 A recent 
study showed no age or gender influence on left atrial 
dimension (after correction for body surface area) in an 
asymptomatic population of 196 patients.’ 

For patients with AF, electrical conversion is the 
method of choice to restore sinus rhythm. The success of 
this treatment is related to the duration of the AF, the age 
of the patient and the degree of left atrium enlargement. 
The relation found by our study between AF duration 
and left atrial dimension suggests that considering the 
size of the left atrium may help in deciding whether to use 
electrical cardioversion for the AF, especially when its 
duration is unknown. When AF is associated with cluster- 
ing of stroke, the implication is that left atrial enlarge- 
ment has no significance regarding stroke risk as atrial 
size increases with time; further studies are needed. 


SILENT CEREBRAL INFARCTION 

The incidence of silent cerebral infarction may be 
high in patients with AF and cerebral embolism. Using 
CT scanning, we conducted an investigation to evaluate 
whether silent cerebral infarction occurs more often in 
patients with AF without cerebrovascular disease than in 





control patients in sinus rhythm. The controlled study 
matched 30 consecutively chosen patients with electro- 
cardiographic-confirmed AF of more than 1 year's 
duration, against 30 healthy persons in normal sinus 
rhythm.® 

Among the patients with AF, 48% had 1 or more low- 
density areas visible on the CT scan, compared with 28% 
of the controls. Although that difference was not statisti- 
cally significant, the total number of low-density areas 
was significantly greater in the AF group (n = 39) thanin 
the control group (n = 16). Further analysis of the CT 
scans showed no difference between the 2 groups in the 
size of low-density areas. No correlation was found be- 
tween low-density lesions and age, independent of rhythm 
disturbance. Similar results have been found by other 
studies.’ 

The CT scans in our study were evaluated without 
knowledge of electrocardiographic findings by 2 neuro- 
radiologists not biased in favor of AF or sinus rhythm. 
Whether the low-density areas found were cerebral in- 
farction or localized atrophy is open to question. Some 
cerebrovascular events in patients with AF are caused by 
thrombosis rather than by embolism; and although our 
controls were healthy, the low-density areas demon- 
strated by CT scan may reflect thrombotic events caused 
by atherosclerosis in elderly persons. The higher frequen- 
cy of lesions found in patients with AF could be explained 
by cardiac embolization, although echocardiography de- 
tected no left atrial thrombi in either group, possibly 
because of inadequate sensitivity of the echocardiograph- 
ic method used. 

The increased risk of cerebrovascular lesions in pa- 
tients with AF was expected, but the relatively high inci- 
dence of such lesions in healthy persons in sinus rhythm 
was not. Although some low-density areas identified by 
our study may indeed represent localized atrophy, we did 
find more of these areas in patients with AF than in 
controls, suggesting that for some patients AF leads to 
localized tissue loss. This finding stresses the need for 
randomized controlled trials to evaluate thromboembolic 
prophylaxis for patients with AF. 


DECREASED CEREBRAL BLOOD FLOW 

Decreased cerebral blood flow may also contribute to 
tlie development of cerebrovascular complications in pa- 
tients with AF. A study was therefore conducted to quan- 
titate reduced cerebral blood flow during AF. This was a 
small study,!° comprising 9 patients with AF that had 
lasted less than 3 months. Cerebral blood flow was mea- 
sured the day before and the day after electrical cardio- 
version to sinus rhythm, and again 30 days after conver- 
sion. 

The day before cardioversion, median cerebral blood 
flow (expressed as initial slope index) was 36, and the day 
after, it was 37. After 30 days in sinus rhythm, cerebral 
blood flow was 39 (not significantly increased), although 
the end-tidal PCO; values were lower than pretreatment 
values. After correction for changes in end-tidal PCO», 
the median cerebral blood flow had increased significant- 
ly, from 36 to 40 on day 1, and to 47 on day 30. 

We suggest that the reduced cerebral blood flow that 
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occurs during AF could be a contributing factor to the 
development of cerebrovascular complications associated 
with AF. However, larger studies are needed to confirm 
the findings of this small study. 


ORAL ANTICOAGULATION 

Administering oral anticoagulants to patients with 
AF to prevent stroke has been debated for many years. 
Results of studies of patients with rheumatic AF have 
suggested that anticoagulants are effective for stroke pre- 
vention. A retrospective study of 134 patients with non- 
rheumatic AF found that the incidence of thromboembo- 
lism during periods without anticoagulant therapy was 
about 8 times greater than during periods with it''; how- 
ever, questions were raised about potential selection bias 
in determining which patients were to be treated with 
anticoagulants. 


THE COPENHAGEN AFASAK STUDY 

To clear up some of these questions, we conducted 
the Copenhagen AFASAK study,!? which was a 2-year 
controlled, randomized study of the effects of anticoagu- 
lation with warfarin vs aspirin or placebo in 1,007 pa- 
tients. There were 335 patients enrolled in the warfarin 
group, 336 in the aspirin group and 336 in the placebo 
group. 

Patients in the warfarin group were maintained most- 
ly within the therapeutic range: International Normal- 
ized Ratio (INR) between 4.2 to 2.8 for 42% of the 2-year 
treatment time and between 4.2 to 2.4 for 73% of that 
time. For 0.6% of the time, patients underwent anticoagu- 
lation that was too strong (INR above 4.2), and for 26% 
of the time they underwent inadequate anticoagulation 
(INR below 2.4). Aspirin was taken once a day (dose 75 
mg). 

We found that warfarin had a significant effect on 
prevention of thromboembolic complications in these pa- 
tients. Five patients taking warfarin had strokes, 4 had 
disabling cerebral infarction, and 1 had a fatal intracere- 
bral hemorrhage (INR = 3.7). Of the 4 infarcts, only 1 
occurred during adequate anticoagulation (INR = 2.9), 
1 occurred when treatment was discontinued for evalua- 
tion of hematuria (INR = 1.3), and 1 occurred before 
elective surgery (INR = 1.25). One patient had a stroke 
before treatment started. 

In contrast, aspirin had no significant effect on pre- 
vention of thromboembolic complications or vascular 
death in patients with AF. 

In all, 8 patients had fatal strokes: 1 taking warfarin, 3 
taking aspirin and 4 taking placebo. 

The warfarin group had only 5 embolic complications, 
and the aspirin and placebo groups had 20 and 21, respec- 
tively. There were no embolic complications in the vis- 
cera, legs and arms during warfarin treatment, but there 
were 3 such complications while receiving aspirin and 2 
while receiving placebo. The yearly incidence of throm- 
boembolic complications was 2.0% for warfarin, 5.5% for 
aspirin and 5.5% for placebo. 

Adverse effects were more numerous with warfarin 
(7%) than with aspirin (2%) or placebo (2%). Twenty-one 
patients taking warfarin were withdrawn from treatment 
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because of nonfatal bleeding, compared with 2 patients 
taking aspirin and none taking placebo. However, severe 
bleeding complications were few. 

How long should patients undergo anticoagulation, 
and should any particular period during AF be consid- 
ered for anticoagulation? The treatment time for this 
study was 2 years, so we do not know whether anticoagu- 
lation for longer periods is desirable. In contrast to the 
Framingham study data, we detected no clustering of 
thromboembolic complications. However, our study de- 
sign makes it difficult to exclude stroke clustering, be- 
cause patients with recent-onset AF and stroke were not 
included. 

Further studies on the effect of long-term anticoagu- 
lation are still needed, but as long as treatment is not 
contraindicated, we find it reasonable to recommend 
anticoagulation therapy with warfarin for patients with 
chronic nonrheumatic AF. 
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Valvular Heart Disease, Infected Valves and 
Prosthetic Heart Valves 


James E. Dalen, MD 


The major causes of systemic embolism from valvu- 
lar heart disease (mitral, aortic and mitral valve 
prolapse), prosthetic valves (both mechanical and 
tissue valves) and infected valves (endocarditis) are 
reviewed from the standpoint of their incidence and 
complications. Recommendations for therapy with 
anticoagulants or other antithrombotic therapy are 
set forth following the guidelines recently provided 
by the Second American College of Chest Physi- 
cians Conference on Antithrombotic Therapy. Ad- 
herence to these recommendations can significantly 
decrease the risk of systemic embolism in patients 
with these valvular heart problems. 

(Am J Cardiol 1990;65:29C-31C) 
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ccurate diagnosis of systemic embolism, particu- 
At cerebral embolism, was difficult before the 

introduction of angiography and computerized 
tomography scanning. The clinical diagnosis of systemic 
embolism was most often established in patients with 
valvular heart disease. The occurrence of stroke in young 
patients with mitral valve disease who did not have risk 
factors for stroke helped clinicians to recognize that cere- 
bral embolism is a frequent complication of mitral valve 
disease. 

Valvular heart disease used to be the most common 
cause of systemic embolism because of the high preva- 
lence of rheumatic heart disease. However, as its preva- 
lence has decreased, nonvalvular forms of heart disease 
have become the major cause of systemic embolism. 

In studies of systemic embolism conducted at the 
Massachusetts General Hospital from 1937 to 1979, the 
prevalence of rheumatic heart disease among patients 
with systemic embolism declined from 46% in the period 
from 1937 to 1953, to 36% from 1954 to 1963, and to 20% 
from 1964 to 1979.! 

Cardioembolism, or embolic stroke, comprises about 
70% of all systemic embolism. Recent data suggest that 
rheumatic heart disease is now the source of only 10% of 
all cases of cardioembolism (Fig. 1).2 Another 10% of 
cases are associated with prosthetic heart valves. 


SYSTEMIC EMBOLISM IN MITRAL VALVE 
DISEASE: INCIDENCE AND RISK FACTORS 

Systemic embolism in patients with valvular heart 
disease is seen most often among those who have mitral 
valve disease. In a number of clinical series of patients 
with mitral valve disease, about 20% had a history of 
systemic embolism.? At postmortem, the incidence of 
systemic embolism among patients with mitral valve dis- 
ease was much higher—40 to 45%.4 

Several factors may affect the formation of thrombi in 
the left atrium of patients with mitral valve disease. These 
are the status of the mitral valve, the patient’s age, the 
presence of atrial fibrillation (AF), and the size of the left 
atrium. 

Coulshed et al,° in a review of 839 patients with mitral 
valve disease, established that the incidence of systemic 
embolism is nearly the same among patients with rheu- 
matic mitral insufficiency (16%) as among patients with 
mitral stenosis (19%). The critical factor is AF. In pa- 
tients with normal sinus rhythm, the incidence of system- 
ic embolism was 8%— both for patients with mitral insuf- 
ficiency and for those with mitral stenosis. However, 
when mitral stenosis was complicated by AF, the inci- 
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FIGURE 1. Recent data suggest this distribution of sources of 


cardioembolism. MI = myocardial infarction. (Reprinted with 


permission from Chest.) 


TABLE I Incidence of Embolism and Hemorrhage in Patients 
with Tissue Valves Treated with Low-Intensity and Standard- 


Intensity Warfarin Therapy 


Low 
Intensity 
(Mean PT 
= 16.5 sec) 


2/102 
11/102 


Embolism 

Minor embolism 
Major hemorrhage 0/102 
Minor hemorrhage 6/102 


Standard 
Intensity 
(Mean PT 
= 19.0 sec) 


2/108 
11/108 
5/108 
10/108 


NS = not significant. 


dence of systemic embolism increased to 32%; it was 22% 
in patients with mitral insufficiency complicated by AF. 

Age is an independent risk factor for systemic embo- 
lism. Among 737 patients with mitral stenosis and in 
normal sinus rhythm, the incidence of systemic embolism 
was 5% for those younger than age 35, but 11% for those 
older than 35.° The size of the left atrium is related to the 
probability of AF, but by itself does not affect the proba- 
bility of systemic embolism.°® 


ANTITHROMBOTIC THERAPY 
IN MITRAL VALVE DISEASE 

After reviewing all available studies of thromboembo- 
lism among patients with mitral valve disease, the Con- 
ference on Antithrombotic Therapy’ of the American 
College of Chest Physicians (ACCP) recommended the 
following therapy’: 

1. For mitral valve disease complicated by chronic or 
paroxysmal AF, administer warfarin, adjusted to prolong 
the prothrombin time (PT) to 1.3 to 1.5 times control, 
using North American thromboplastin (International 
Normalized Ratio [INR] = 2.0 to 3.0). 

2. For mitral valve disease complicated by systemic 
embolism, administer warfarin, adjusted to prolong the 
prothrombin time to 1.5 to 2.0 times control, using North 
American thromboplastin (INR = 3.0 to 3.5) for 1 year. 
Then, in the absence of recurrent embolism, decrease the 
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dose to 1.3 to 1.5 times control, using North American 
thromboplastin. 

3. If systemic embolism recurs despite full-dose war- 
farin (1.5 to 2.0 times control), add dipyridamole 225 to 
400 mg/day. 


ANTITHROMBOTIC THERAPY IN AORTIC 
VALVE DISEASE 

The incidence of systemic embolism is low in patients 
with aortic valve disease who do not have associated mi- 
tral valve disease or AF. Therefore, antithrombotic thera- 
py is not indicated for these patients. 


ANTITHROMBOTIC THERAPY 
IN MITRAL VALVE PROLAPSE 

Mitral valve prolapse may be complicated by tran- 
sient ischemic attacks (TIAs). However, systemic embo- 
lism is rare in the absence of AF or significant mitral 
regurgitation. 

For patients with mitral valve prolapse, the recom- 
mendations of the ACCP Conference on Antithrombotic 
Therapy are as follows’: 

l. For asymptomatic, uncomplicated mitral valve 
prolapse, no therapy is required. 

2. For patients with a history of TIAs, administer 
aspirin, 325 mg to | g/day. 

3. If TIAs recur despite aspirin, administer warfarin 
(PT = 1.3 to 1.5 times control using North American 
thromboplastin reagent). 

4. For AF or significant mitral regurgitation, admin- 
ister warfarin (PT = 1.3 to 1.5 times control). 

5. For patients with systemic embolism, administer 
warfarin (PT = 1.5 to 2.0 times control) for 1 year. Then 
continue warfarin (PT = 1.3 to 1.5 times control). 


MITRAL ANULAR CALCIFICATION 

Systemic thromboembolism rarely occurs in patients 
with mitral anular calcification unless it is complicated by 
AF, mitral stenosis or mitral regurgitation. Antithrom- 
botic therapy is not indicated for this condition unless 
systemic thromboembolism occurs, in which case warfa- 
rin therapy at a PT of 1.5 to 2.0 times control should be 
given for | year, followed by less intense warfarin (PT = 
1.3 to 1.5 times control). 

If mitral anular calcification is complicated by AF or 
significant mitral valve disease, warfarin (PT = 1.3 to 1.5 
times control) is indicated. Mitral anular calcification 
may lead to embolization of calcific spicules. However, 
there is no evidence that antithrombotic therapy prevents 
this complication.’ 


ANTITHROMBOTIC THERAPY IN 
PATIENTS WITH PROSTHETIC VALVES 
Systemic embolism is the most serious complication of 
heart valve replacement. Approximately 10% of all sys- 
temic emboli occur in patients with prosthetic valves.” 
The incidence of systemic embolism in patients with 
mechanical heart valves is sufficiently high to recom- 
mend lifelong anticoagulation with warfarin (PT = 1.5 to 
2.0 times control, INR = 3.0 to 4.5). Antiplatelet agents 





alone do not provide adequate protection. If systemic 
embolism occurs despite warfarin therapy, dipyridamole, 
400 mg/day, should be given in addition to warfarin. If 
bleeding occurs in patients with mechanical heart valves, 
one should consider lower-intensity warfarin (PT = 1.3 to 
1.5 times control) plus dipyridamole, 400 mg/day.'° 

The incidence of systemic embolism in patients with 
tissue valves is much lower than that in patients with 
mechanical heart valves. In the absence of AF, a history 
of systemic embolism, or a finding of left atrial thrombus 
at the time of operation, antithrombotic therapy is not 
indicated for patients with aortic tissue valves.'° 

For patients with tissue valves in the mitral position, 
less intense warfarin (PT = 1.3 to 1.5 times control) is 
indicted for 3 months after mitral valve replacement. 
After 3 months, antithrombotic therapy is not indicated 
unless AF, a history of systemic embolism, or left atrial 
thrombus is found at operation. 

With these complications, lower-intensity warfarin 
therapy (PT = 1.3 to 1.5 times control) should be contin- 
ued.!0 A recent randomized study has shown that less 
intense warfarin is as effective as the standard intens- 
ity (PT = 1.5 to 2.0 times control) in preventing sys- 
temic embolism in patients with tissue valves, and it is 
associated with a much lower incidence of hemorrhage 
(Table I).!! 


ANTITHROMBOTIC THERAPY 
IN ENDOCARDITIS 

Before the availability of antibiotics, the incidence of 
systemic emboli among patients with endocarditis was as 
high as 70 to 90%. Since the introduction of effective 
antimicrobial therapy, the incidence of emboli has de- 
creased to between 12 and 40%.° 

Early studies had indicated that anticoagulant thera- 
py did not enhance antibiotic therapy in patients with 
endocarditis, but did increase the incidence of hemor- 
rhage.!2:!3 Some clinicians interpreted these findings to 
mean that anticoagulants are contraindicated in patients 
with endocarditis. The more accurate conclusion is that 
endocarditis, per se, is not an indication for anticoagulant 
therapy. 

For patients with endocarditis who have a mechanical 
prosthetic valve, anticoagulation with warfarin (PT = 1.5 
to 2.0 times control) should be continued to prevent 
thromboembolism, unless warfarin is contraindicated.’ 
For patients who have endocarditis involving a native 
valve or a bioprosthetic (tissue) valve, but who are in 
normal sinus rhythm, anticoagulant therapy is not indi- 
cated. 
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If systemic embolism occurs during the course of en- 
docarditis, the decision to use anticoagulation therapy 
depends on co-morbid factors, because embolism could 
be due to thromboembolism or to embolization of vegeta- 
tions. In the latter circumstance, anticoagulant therapy 
would not be beneficial. 

If systemic embolism occurs in a patient with normal 
sinus rhythm and with endocarditis involving the aortic 
valve, anticoagulation is not appropriate, especially if 
vegetations have been noted on echocardiography. At the 
other extreme, for a patient with endocarditis involving 
the mitral valve, with AF but without echocardiographic 
evidence of vegetations, thromboembolism should be as- 
sumed; under these circumstances, anticoagulation is ap- 
propriate. 


CONCLUSION 

Patients with mitral valve disease, endocarditis or 
prosthetic heart valves are at increased risk of systemic 
embolism. The recent report of the ACCP Conference on 
Antithrombotic Therapy has reviewed published reports 
to determine which patients with these disorders should 
be treated with antithrombotic therapy.’ Implementation 
of their recommendations can significantly decrease pa- 
tients’ risk of cerebral and other systemic embolism. 
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Cardiac Embolism: The Neurologist’s Perspective 


David G. Sherman, MD 


Cardicembolic stroke represents a major health- 
care challenge in the United States, accounting for 
significant morbidity and mortality, as well as eco- 
nomic and social costs. Determining the cause of 
ischemic stroke is often difficult because multiple 
potential etiologies are often present and available 
diagnostic tools are relatively insensitive. The diag- 
nosis of cardioembolic stroke is based on a variety 
of clinical and laboratory clues that are significant, 
although not invariable, predictors of stroke etiolo- 
gy. Computed tomography scans help suggest eti- 
ology, and scans performed at 48 hours after 
stroke onset are essential to identify hemorrhagic 
infarctions. Cerebral angiograms may be helpful if 
performed early. Echocardiography is indicated 
only for selected patients who are more likely to 
demonstrate cardiac abnormalities on an echocar- 
diogram. The management of acute cardioembolic 
stroke involves weighing the benefits of reducing 
stroke recurrence by anticoagulation against the 
risk of symptomatic brain hemorrhage. A manage- 
ment algorithm is provided that can help reduce 
both the risk of symptomatic brain hemorrhage and 
the incidence of potentially disabling stroke recur- 
rence. 

(Am J Cardiol 1990;65:32C-37C) 
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cute stroke has a number of causes. Fifteen per- 
Az of patients presenting with an acute vascular 

disorder have their neurologic deficit as a result 
of hemorrhage, either intracerebral or subarachnoid. 
Eighty-five percent of patients with acute stroke have 
ischemic infarction of the brain. 

The major cause of ischemic stroke is large-artery 
atherosclerotic disease involving the extracranial carotid 
arteries and the major intracranial vessels. This cause 
accounts for about 60% of all ischemic strokes. Some 20% 
of ischemic strokes are caused by small-artery disease, 
typically affecting the penetrating vessels arising from 
the middle and posterior cerebral arteries and producing 
small lacunar infarctions deep within the subcortical 
white matter and in the basal ganglia. About 15% of 
strokes have their basis in cardiogenic embolism; these 
strokes are the focus of this presentation. The remaining 
5% of strokes are due to a variety of much less common 
hematologic and vascular abnormalities. 

Cardioembolic stroke is a significant health-care 
problem in the United States. The most common cause of 
cardiogenic stroke is nonvalvular atrial fibrillation, ac- 
counting for 75,000 strokes annually. Strokes related to 
emboli after an acute myocardial infarction contribute 
another 15,000 strokes per year. 

Cardioembolic strokes tend to be large and disabling 
compared with some of the ischemic events occurring as 
the result of arterial disease. Thus, morbidity, mortality, 
and cost for acute and chronic care associated with car- 
dioembolic stroke tends to be greater. An estimated $900 
million is expended annually on the acute and chronic 
care of patients with cardioembolic stroke. These facts 
become especially striking when it is realized that appro- 
priate management, particularly anticoagulation thera- 
py, could possibly prevent many of these strokes. 


DIAGNOSIS 

The determination of the specific cause of a particular 
patient’s stroke often challenges the clinician’s best diag- 
nostic skills. 

In police work and the law, when there are no witness- 
es to a crime, the perpetrator must be identified on the 
basis of circumstantial evidence. At times, all evidence 
points to a single perpetrator: A smoking gun is revealed. 
At other times a number of suspects are capable of having 
committed the crime, and identifying the guilty party is 
much more difficult. So, too, with the etiology of stroke: 
At times all evidence points to a single cause, and you 
cannot miss the smoking gun; in other cases any one of a 
number of suspicious factors could have caused the vas- 
cular lesion. Unfortunately, that situation is too often the 
dilemma we face in seeking to detect the cause of a 
particular stroke. 





LET 


About 30% of patients with an ischemic stroke have 
some cardiac abnormality that could have produced their 
stroke; however, about one-third of these patients also 
have atherosclerotic disease that could just as likely have 
been the cause. 

There is clearly a tendency to attribute a stroke to the 
common causes (e.g., large-artery atherosclerotic or 
small-vessel degenerative disease), and therefore there is 
frequent underestimation of the incidence of cardiac or 
other less common causes of ischemic stroke. Thus, in any 
classification of a large number of patients with ischemic 
stroke, the number of patients in any category is related 
to the extent to which the patients have been evaluated, 
and to the experience and persistence of the evaluators. 

There is really no clinical or laboratory “gold stan- 
dard” for diagnosing cardioembolic stroke. The diagnosis 
is based on a variety of clinical and laboratory clues. 
Cardioembolic stroke involves patients of all ages, but its 
cause is particularly of concern when it involves young 
patients who are less likely to have atherosclerotic vascu- 
lar disease. 

The onset of a cardioembolic stroke is traditionally 
described as abrupt and sudden, with the maximal neuro- 
logic deficit evident at onset, as opposed to a gradually 
progressive or stuttering type of onset. 

Profile of a cardiogenic embolus: The vascular arteri- 
al territory involved in embolic strokes is most often that 
of the middle or posterior cerebral arteries, or of the top of 
the basilar artery supplying the posterior cerebral and 
midbrain region. When the middle cerebral artery is in- 
volved, the syndromes of Wernicke’s aphasia and of glob- 
al aphasia without hemiparesis are especially common 
with an embolic occlusion of a branch of the artery. 

The absence of a history of previous transient isch- 
emic attacks (TIAs) in the territory of the stroke is some- 
what suggestive of cardioembolic stroke. The absence of a 
carotid bruit or of peripheral vascular disease is a clue 
that the patient does not have atherosclerotic vascular 
disease, and therefore the stroke is somewhat more likely 
to have a cardiac cause. Certainly, cardiac symptoms 
surrounding the time of the stroke—palpitations, chest 
pain or syncope—are suspects for a cardiovascular 
source. A very high level of suspicion can be placed on the 
coexistence of a peripheral embolus, which most often is 
an embolus to an extremity. 

Predictors of stroke etiology: Although some specific 
clinical features suggest cardioembolic stroke, they are by 
no means invariable predictors of stroke etiology (Table 
I). Sudden onset of a cerebral deficit is present in 80% of 
patients with a cardiac cause of their stroke, but it is also 
present in some 55% of patients with an arterial cause. 
Loss of consciousness at onset has traditionally been con- 
sidered more frequent in patients with cardiogenic embo- 
lus, occurring in about 19% of such patients, compared 
with only 3% of patients who have an arterial-cause 
stroke. 

Forty-two percent of patients with arterial causes of 
stroke have a history of TIAs, but so do 11% of patients 
with a cardiac-cause stroke. Therefore, a history of TIA is 
not invariable evidence of an arterial cause. Athero- 
thrombotic strokes are most frequently noted on awaken- 
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TABLE I Predictors of Stroke Etiology 


Cardiac 
(% of Pts.) 


Arterial 
(% of Pts.) 


Sudden onset 
LOC at onset 
TIA history 
Present on awakening 
Stuttering onset 
Carotid stenosis 
>79% 
<75% 
Absent 
Systemic embolus 


* Significantly different. 
LOC = loss of consciousness; TIA = transient ischemic attack. 


ing, but only in about 44% of patients, compared with 
26% of patients with cardiac-cause strokes. A stuttering 
onset of neurologic deficit does not occur often in either 
type, but occurs slightly more often in patients with arte- 
rial causes of stroke, being present in 15% of these pa- 
tients, compared with 7% of patients with cardiac-cause 
strokes. 

Carotid stenosis due to atherosclerotic disease is more 
likely to occur in patients with emboli due to an arterial 
cause. About 40% of all patients with strokes caused by 
arterial disease have carotid stenoses of 75% or more, and 
only about 16% have uninvolved carotid arteries. How- 
ever, even patients with cardiac causes of stroke have 
carotid stenoses of 75% or more in 16% of cases, and 
stenoses of less than 75% in 48% of cases. 

A systemic embolus is highly predictive of a cardiac 
source. However, it is a rather infrequent finding, and 
therefore it is not particularly useful for determining 
stroke origin. 

Radiologic and laboratory findings: Certain radiolog- 
ic and laboratory features are also useful in diagnosing 
cardiogenic embolism. The computerized tomography 
(CT) scan is one of the studies most often obtained for 
patients with suspected stroke, and it is helpful in suggest- 
ing etiology. Patients with cardiogenic embolus are more 
likely to have cortical distribution of infarcts in the terri- 
tory of the middle and posterior cerebral arteries. Occa- 
sionally, a high-intensity lesion is actually visualized in 
the area of the middle cerebral artery that represents the 
embolus. In 10 to 20% of patients with cardiogenic embo- 
lus, the CT scan shows a hemorrhagic infarct. However, 
90% of patients in whom hemorrhagic infarcts develop 
have negative CT scans during the first 6 hours after 
onset. About 80% of patients who will eventually have 
hemorrhagic infarcts have done so by 48 hours, and the 
infarcts are visible on CT scans if the scan is recorded at 
about 48 hours. 

Hemorrhagic infarction risk factors include large ce- 
rebral infarction and ongoing anticoagulation therapy at 
the time of onset. It has also been suggested that the 
presence of early contrast enhancement indicates which 
patients are likely to undergo hemorrhagic transforma- 
tion. (Hemorrhagic infarction is discussed at greater 
length because of its importance in management-deci- 
sions regarding anticoagulation.) 
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A SYMPOSIUM: THROMBOSIS AND ANTITHROMBOTIC THERAPY—DIRECTION FOR THE ’90s 


FIGURE 1. This computed tomography scan shows a high-in- 
tensity lesion with an irregular border in the territory of the 
middle cerebral artery. 


Ona CT scan, a hemorrhagic infarction shows up as a 
high-intensity lesion with an irregular border (Fig. 1). 
The presence of such an abnormality on the scan should 
cause the clinician to suspect the possibility of a car- 
dioembolic stroke. 

Cerebral angiography is of some help, permitting sev- 
eral observations. The absence of atherosclerotic vascular 
disease points away from the most frequent cause of 
stroke and toward other etiologies. Early in the course of 
a cardioembolic stroke, it is often possible to see occlusion 
of branches of the middle or posterior cerebral arteries or 
occlusion of the most distal portion of the basilar artery 
(Fig. 2). However, if the angiogram is performed sever- 
al days after an embolic stroke, or if repeat angiography 
is performed, no evidence of vascular occlusion may be 
present because of the lysis and disappearance of the 
embolic occlusions. 

Cardiac studies: What is the role of echocardiogra- 
phy for patients with TIA and stroke? Patients may be 
thought of as having either a low- or high-yield probabili- 
ty of having a cardiac abnormality seen on echocardiog- 
raphy. For patients who have a low-yield probability, 
echocrdiography should not be routinely performed. 
These patients tend to be older than age 60 years and are 
thus in an atherosclerotic age group. They have no clini- 
cal evidence of heart disease by history, physical exami- 
nation, chest x-ray or electrocardiogram. They have ath- 
erothrombotic features in their clinical presentations, CT 
scans and other laboratory evaluations. 
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FIGURE 2. The occlusion of a branch in the midportion of the 
middle cerebral artery territory shown in this cerebral angio- 
gram is typical of what might be seen with a cardiogenic em- 
bolus. 


Patients with a high-yield probability will show echo- 
cardiographic abnormalities in 11 to 25% of cases (Fig. 
3). For these patients, echocardiography should be con- 
sidered necessary to search for a possible cardiac source. 
The high-yield patients are younger, generally younger 
than age 50. They have clinical evidence of heart disease 
by history, physical examination, chest x-ray and electro- 
cardiogram, and they show the features that distinguish 
the profile of patients with a cardioembolic stroke. 

Currently, a number of other diagnostic studies are 
used or are being investigated for use to identify patients 
with intracardiac thrombi or with cardiac abnormalities 
leading to their stroke. 

Contrast echocardiography is particularly useful to 
exclude an interatrial septal defect as the cause of a 
paradoxic embolus. These patients have a stroke associ- 
ated with the Valsalva maneuver, and they have peripher- 
al thromboembolic venous disease. Holter monitoring is 
not particularly helpful, but it will show potentially rele- 
vant abnormalities in about 2% of patients. Ultrafast cine 
cardiac computerized tomography (Fig. 4) is under inves- 
tigation, and it can show, particularly with views of the 
left atrium, the presence of thrombi that are otherwise 
difficult to detect on echocardiography. Magnetic reso- 
nance imaging is being evaluated for its role in the detec- 
tion of intracardiac thrombi, as is transesophageal echo- 
cardiography (Fig. 5) and the labeled platelet scintigra- 
phy. The promise of scintigraphy lies in its ability to 
localize the thrombus within the heart chambers. 

To summarize, a reasonable level of suspicion that a 
stroke has a cardioembolic source is necessary to justify 
extensive cardiac studies such as echocardiography and 
Holter monitoring. The yield from these studies will not 
be rewarding unless the patient has clinical evidence of 
cardiac disease, or has strong evidence of cardioembolic 
stroke and no evidence of arterial disease. 

Causes of cardiogenic emboli: Almost half of all car- 





FIGURE 3. These echocardiogram frames show a voluminous thrombus (TH) with a lucent center within an enlarged left atrium 
(LA). Left atrial thrombi are more often found in the left atrial appendage, which makes them likely to be visualized on an echo- 


cardiogram only rarely. LV = left ventricle. 


FIGURE 4. This frame from an ultrafast cine computed tomo- 
gram shows an enlarged left atrium with a contrast and filling 
defect that corresponds to a mural thrombus within the left 
atrium. 


diogenic emboli occur in patients with nonvalvular atrial 
fibrillation (Fig. 6), presumably from thrombi forming 
within the left atrium and particularly in the left atrial 
appendage. The risk of embolization in patients with non- 
valvular atrial fibrillation is about 5 to 6 times that of a 
comparable population without atrial fibrillation. 

The second most common cause, accounting for 25% 
of cardioembolic strokes, is ischemic heart disease. Fif- 
teen percent of cases are associated with acute myocardi- 
al infarction; most of these are anterior myocardial in- 
farctions with mural thrombus and embolization. Ten 
percent are associated with ventricular aneurysms and 
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FIGURE 5. Transesophageal echocardiography may facilitate 
better visualization of thrombi (Th) within the left atrium (LA). 
Here, it shows 2 discrete thrombi within the left atrial append- 
age (LAA). Ao = aorta. 


mural thrombi remote from an acute myocardial infarc- 
tion. 

Ten percent of cardiogenic emboli are the result of 
rheumatic heart disease, generally involving mitral steno- 
sis with atrial fibrillation. Although rheumatic heart dis- 
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FIGURE 6. Relative frequency of various causes of cardiogen- 
ic emboli. 


ease has declined as a cause, it still accounts for 1 in 10 
cardiogenic emboli. 

Another 10% of cardiogenic emboli occur in patients 
with prosthetic cardiac valves. The remaining 10% are 
the result of a variety of other cardiac abnormalities, 
some of which are quite common and are associated with 
the production of emboli. Other such abnormalities are 
also quite common, but are rarely associated with the 
occurrence of emboli. 

High-risk patients: A group of cardiac features are 
generally considered to place patients at high risk for 
embolism. Anterior myocardial infarction is much more 
frequently associated with thrombus and embolus than is 
inferior myocardial infarction. When a patient has left 
ventricular thrombi, a pedunculated or mobile thrombus 
is considered much more likely to embolize than a flat, 
nonmobile thrombus. Congestive heart failure appears to 
contribute to the development of intracardiac stasis, 
thrombus formation and embolization. Patients with a 
prior embolus either to the brain or a systemic vessel have 
increased risk for a subsequent embolus. Mitral valve 
stenosis with atrial fibrillation is associated with a risk 
about 17 times that of a comparable population. Patients 
with prosthetic mitral valves or infective endocarditis are 
at fairly high risk of embolization. 


Pressure restored 


Zone of infarction | Hemorrhagic infarction 


; Anemic infarction 
Embolism 
Embolism breaks up, 


goes into one branch 


FIGURE 7. The mechanism of hemorrhagic infarction. Physio- 
logic fibrinolysis of an embolic clot permits reperfusion of the 
region of ischemia and results in leakage of blood into the 
area of infarction. 
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Low-risk patients: Cardiac features associated with a 
low risk of producing an embolism include “lone” atrial 
fibrillation, (i.e., young patients with paroxysmal atrial 
fibrillation and no other evidence of organic heart dis- 
ease), absent or flat thrombus, no congestive heart failure 
and no prior embolus. Mitral valve prolapse and mitral 
anulus calcification are disorders that are frequently seen 
in the general population and in echocardiographic series. 
Patients must always be investigated for other abnormali- 
ties before their stroke is attributed to one of these com- 
mon disorders. 


HEMORRHAGIC INFARCTION 

As noted previously, the presence or absence of hem- 
orrhagic infarction, or the exudation of blood into the 
area of infarction, is highly important in the management 
decisions regarding anticoagulation. Hemorrhagic in- 
farctions are believed to occur in the following way: An 
embolus occludes an artery at a bifurcation and produces 
a zone of ischemia and infarction in the territory supplied 
by that vessel. The normal fibrinolytic processes of the 
blood over the course of hours or days cause the embolus 
to lyse and reopen previously unperfused regions of isch- 
emia. This reperfusion results in leakage of blood into the 
area of infarction, leading to the production of so-called 
hemorrhagic infarction (Fig. 7). 

Overall, about 20% of cardiogenic brain emboli will 
become hemorrhagic infarcts. Large strokes tend to have 
a greater risk for hemorrhagic transformation. Very few 
patients, if any, have visible hemorrhagic infarction on 
their CT scans if the scan is performed within the first few 
hours after stroke onset. About 15% of cases will have 
evolved into hemorrhagic infarction visible on a scan by 
48 hours. If patients are not receiving anticoagulation 
drugs during this period, they will generally remain 
asymptomatic despite the oozing of blood into the area of 
infarction. Although most patients with leakage of blood 
into the area of infarction will remain asymptomatic, 
some of them become symptomatic, with large accumula- 
tions of blood and formation of hematomas. 





Management of Acute Cardiogenic Brain Embolism 
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FIGURE 8. An algorithm for the management of acute cardio- 
genic brain embolism. 
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TREATMENT 

The management dilemma involved in the treatment 
of patients with acute thromboembolic stroke involves the 
decision of whether or not to administer anticoagulants. 
The physician administering anticoagulants to the pa- 
tient runs the risk of producing a symptomatic hemor- 
rhage and neurologic deterioration. The physician with- 
holding anticoagulation runs the risk that the patient will 
suffer a recurrent embolic stroke. 

The treatment dilemma posed by anticoagulation 
therapy can be summarized as follows: Without antico- 
agulation, 12% of patients with a thromboembolic stroke 
have a recurrent embolism within the first 2 weeks; with 
it, the recurrence rate is reduced by about two-thirds to 
4%. Without anticoagulation, about 1% of patients will 
have a brain hemorrhage; with it, the incidence of brain 
hemorrhage is increased to about 5%. Thus, the clinician 
must balance the reduced risk of recurrence against the 
increased risk of bleeding. 

Identifying patients at the greatest risk of experienc- 
ing symptomatic brain hemorrhage as the result of anti- 
coagulation therapy provides the clinician with an impor- 
tant management tool. The patients at greatest risk of 
brain hemorrhage with anticoagulant therapy appear to 
be those with large embolic strokes involving, e.g., the 
entire middle cerebral artery territory. If all these pa- 
tients are given anticoagulants without having a delayed 
CT scan performed at approximately 48 hours, there is a 
risk of including the 10 to 20% of such patients who will 
undergo spontaneous hemorrhagic transformation and 
who therefore obviously should not be given anticoagula- 
tion therapy—and who could be identified by the 48-hour 
scan. 

Persistent hypertension is suggested as a relative con- 
traindication for anticoagulation treatment for acute em- 
bolic or thrombotic stroke because the hypertension may 
worsen any brain hemorrhage that occurs. Patients tak- 
ing anticoagulation drugs at the onset of their embolic 
stroke appear to be at increased risk for symptomatic 
brain hemorrhage if hemorrhagic transformation should 
occur. 

Last, some anecdotal evidence indicates that bolus 
administration of heparin is more likely to be accompa- 
nied by symptomatic brain hemorrhage than is constant 
infusion. 

Patients at low-risk are therefore those with small- to 
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medium-sized strokes, with no evidence of hemorrhagic 
infarction on a CT scan obtained 48 hours after onset, 
and with normal blood pressure. 

On the basis of these observations, our recommenda- 
tions for management (Fig. 8) can be summarized as 
follows: Patients suspected of having a cardioembolic 
stroke should not be given anticoagulation therapy on the 
basis of a CT scan performed within the first few hours. 
Either the initial CT scan should be delayed until 48 
hours after onset, or a repeat CT scan should be per- 
formed at that time. By then, about 70 to 80% of patients 
who are destined to undergo hemorrhagic infarction will 
have done so and can be identified on the CT scan. If at 
that time the patient is shown to have a hemorrhagic 
infarction, anticoagulation therapy obviously should be 
further delayed. 

When the 48-hour scan does not show any evidence of 
hemorrhage, and the patient has only a small- to medi- 
um-sized stroke with no problem of blood pressure con- 
trol, the patient should then be given heparin followed by 
warfarin. However, if the patient has a large stroke or 
persistently elevated blood pressure, anticoagulation 
treatment should be further delayed for at least 7 to 10 
days because of the high risk that these particular pa- 
tients may undergo symptomatic brain hemorrhage. 


SUMMARY 

Cardioembolic strokes are significant contributors to 
stroke morbidity and mortality, and cardioembolism is 
probably underestimated as to its frequency and impor- 
tance as a cause of stroke. There is often considerable 
ambiguity in determining whether a patient indeed has a 
cardioembolic stroke. Many of the tools that we use are 
relatively nonspecific and insensitive, and there is a ten- 
dency for multiple potential etiologies to be present. 

Management of acute cardioembolic stroke is based 
on weighing the benefits of reducing stroke recurrence of 
anticoagulation therapy against the risks of symptomatic 
brain hemorrhage if the patient is given anticoagulants. 
Delaying or eliminating anticoagulation for patients who 
appear to be at particularly increased risk (i.e., patients 
with large strokes or hemorrhagic infarction on delayed 
CT scan), and providing anticoagulation to other pa- 
tients, may reduce both the risk of symptomatic brain 
hemorrhage and the incidence of potentially disabling 
cardioembolic stroke recurrence. 
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Antithrombotic Therapy in Cardiac Disease: 
An Approach Based on Pathogenesis 
and Risk Stratification 


Valentin Fuster, MD, Bernardo Stein, MD, Jonathan L. Halperin, MD, 
and James H. Chesebro, MD 


An approach to the management of thrombosis and 


embolism in various cardiovascular disorders is dis- 
cussed. This approach is based on current knowl- 
edge of pathogenesis and risk of thromboembolism. 
Rational therapeutic guidelines are formulated 
along the lines of anatomic location (arterial circu- 
lation, cardiac chambers or prosthetic valves), 
pathophysiology (activation of platelets or the co- 
agulation system, or both), and degree of thrombo- 
embolic risk. With clear understanding of these fac- 
tors, it may be possible to determine the most suit- 
able platelet inhibitor or anticoagulant regimen for 
the individual patient, and whether these agents 
should be given singly or in combination. 

(Am J Cardiol 1990;65:38C-440C) 
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portant contributors to cardiovascular morbidity 

and mortality. A rational approach to this prob- 
lem is derived from understanding the pathophysiologic 
mechanisms underlying thromboembolism in the arterial 
circulation, cardiac chambers and valves, as well as from 
the identification of different risk categories. In this re- 
view we will briefly discuss: (1) mechanisms of thrombo- 
sis and embolism, (2) risk stratification, and (3) proposed 
antithrombotic approach based on pathogenesis and risk. 


[porn and embolism are among the most im- 


MECHANISMS OF THROMBOSIS 
AND EMBOLISM 

Arterial circulation: When superficial injury to the 
vessel wall occurs, only a monolayer of platelets adheres 
to the damaged endothelium or exposed subendothe- 
lium.'! When arterial injury is more severe—as in cases of 
atherosclerotic plaque rupture or during angioplasty— 
components of the arterial media, including collagen, be- 
come exposed to the circulating blood. This results in 
marked activation of platelets, which occurs predomi- 
nantly by way of 3 metabolic pathways. In the first path- 
way, collagen (derived from the damaged vessel wall) and 
thrombin (produced during activation of the coagulation 
cascade) stimulate the release of intracytoplasmic calci- 
um, resulting in platelet contraction. This leads to a 
change in the configuration of the platelet membrane 
receptor (the glycoprotein IIb/IIIa), with exposure of the 
binding sites for fibrinogen and von Willebrand factor. 
These 2 molecules are essential for the process of platelet 
aggregation (Fig. 1). In addition, platelet contraction 
results in the release of adenosine diphosphate and seroto- 
nin from intracytoplasmic granules, which stimulate 
neighboring platelets and promote aggregation (second 
pathway). Furthermore, calcium also results in the re- 
lease of arachidonic acid from the platelet membrane, 
with the subsequent formation of thromboxane A>, which 
is a potent platelet aggregator (third pathway) and vaso- 
constrictor. 

As mentioned, deep vessel wall damage results not 
only in the exposure of collagen, but also stimulates the 
formation of thrombin through the intrinsic (surface- 
activated) and extrinsic (tissue factor-dependent) coagu- 
lation pathways, in which the platelet membrane favors 
the interaction between clotting factors. Thrombin pro- 
motes the formation and stabilization of fibrin, and is a 
powerful activator of platelet aggregation. Therefore, 
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FIGURE 1. Left, biochemical interactions between platelet membrane receptors (glycoproteins la, Ib and Ilb/Illa), adhesive mac- 
romolecules and the vessel wall during thrombogenesis. The pathways of platelet aggregation dependent on collagen, thrombin, 
adenosine diphosphate (ADP)-serotonin, and thromboxane A2 (TXAz2) are depicted. Right, intrinsic and extrinsic pathways of 
the coagulation system with the generation of thrombin and fibrin. Note that thrombosis in coronary arteries involves both plate- 
let and coagulation factors. Prosthetic valves activate the clotting system primarily, and platelets, secondarily. Cardiac chamber 
thrombosis involves clotting activation. Ca = calcium; VWF = von Willebrand factor. (Modified with permission from: Stein B, 
Fuster V. Antithrombotic therapy in acute myocardial infarction: prevention of venous, left ventricular and coronary artery 


thromboembolism. Am J Cardiol 1989;64:33B-40B). 


platelets and the coagulation system are clearly interre- 
lated in the genesis of arterial thrombosis (Fig. 1). 

Perfusion chamber experiments’ have analyzed the 
influence of wall shear rate and degree of vascular dam- 
age on platelet /thrombus formation. These studies sug- 
gested that, with superficial vessel injury, platelet deposi- 
tion increased proportionally to the shear rate, but the 
phenomenon was only transient. In contrast, with deep 
vessel injury, platelet deposition was enhanced and could 
lead to persistent vascular thrombotic occlusion. These 
concepts are important in the pathogenesis of acute coro- 
nary syndromes. In unstable angina, plaque fissuring 
may lead to transient vessel occlusion due to an evanes- 
cent thrombus; the duration of vascular occlusion is short 
and does not result in myocardial necrosis. In myocardial 
infarction, more severe arterial wall injury may lead to 
persistent thrombotic occlusion and myocardial necrosis. 
The presence of a thrombus or residual stenosis after 
spontaneous or pharmacologic thrombolysis and after an- 
gioplasty predisposes to acute vessel thrombosis and reoc- 
clusion. 

Cardiac chambers: The pathogenesis of intracavitary 
thrombosis may be outlined along the lines established by 
the pathologist Virchow in the previous century, who 
described a triad of precipitating factors: endothelial inju- 
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ry, circulatory stasis and hypercoagulability. Endocardial 
injury has been identified in patients in the first days after 
myocardial infarction, and in those with left ventricular 
aneurysm or dilated cardiomyopathy. This injury exposes 
the subendothelial tissue to the circulating blood, promot- 
ing thrombosis. 

The presence of blood stasis in hypokinetic or dyski- 
netic areas promotes the development of left ventricular 
mural thrombi. In addition, blood stasis contributes to the 
formation of atrial thrombi in cases of impaired atrial 
mechanical activity, as occurs in atrial fibrillation, mitral 
stenosis and heart failure. Blood stasis, characteristic of 
conditions of low shear rate, leads to activation of the 
coagulation system rather than of platelets and consti- 
tutes the predominant mechanism in the pathogenesis of 
intracavitary thrombi. In addition, the presence of a hy- 
percoagulable state, as may occur after acute myocardial 
infarction, may contribute to thromboembolism. 

While the aforementioned factors—injury, stasis and 
hypercoagulability—predispose to thrombosis, the mi- 
gration of thrombotic material is dependent on the dy- 
namic forces of the circulation.* Therefore, even though 
stasis favors thrombosis within the sac of a left ventricular 
aneurysm, isolation from the circulation protects against 
embolism.’ In contrast, in acute myocardial infarction 
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TABLE I Emerging Antithrombotic Approach to Cardiac Disease Based on Pathogenesis and Thromboembolic Risk 


High (>6% /year) 


Unstable angina 
Acute MI 

Ml—after thrombolysis 
PTCA—early phase 
SVBG—early phase 


Arterial system 


Platelets + fibrin Platelet inhibitor plus 


anticoagulant* 


AF—prior embolism 
AF—mitral stenosis 


Cardiac chambers 


Fibrin Anticoagulant 
(INR 3.0-4.5 in prior 
embolism, or 2.0-3.0 


in mitral stenosis) 


Old mechanical 
prostheses 

Mechanical protheses— 
prior embolism 


Prosthetic valves 


Fibrin + platelets Anticoagulant 
(INR 3.0—4.5) plus 


platelet inhibitor 


Thromboembolic Risk 
Medium (2-6% /year) Low (<2% /year) 


Primary prevention of 
cardiovascular disease 


Chronic stable angina 

Chronic phase after MI 
PTCA—-chronic phase 
SVBG—-chronic phase 


Platelet inhibitor or Platelet inhibitor* 
anticoagulant 


(INR 2.0—3.0)' 


AF—idiopathic 
Chronic LV aneurysm 


AF—other forms of 
organic heart disease 
Early phase after anterior 

MI 
Dilated cardiomyopathy 


Usually no need for 
therapy 


Anticoagulant 
(INR 2.0-3.0) 


Bioprostheses—normal 
sinus rhythm 


Recent mechanical 
prostheses 
Bioprotheses—AF 


Usually no need for 
therapy 


Anticoagulant 
(INR 3.0—4.5) in 
mechanical prostheses, 
or 2.3-3.0 in 
bioprostheses 


_* Heparin may be used in the acute phase (activated thromboplastin time: 1.5 to 2.0 X control); its use in combination with aspirin is evolving in patients at high 


risk 


t Although both are beneficial, platelet inhibitor therapy is recommended based on lower toxicity, cost, and ease of administration 


t Recommended for persons at high risk for coronary disease. 


AF = atrial fibrillation; INR = International Normalized Ratio of prothrombin suppression; LV = left ventricular; MI = myocardial infarction; PTCA = percutaneous transluminal 


coronary angioplasty; SVBG = saphenous vein bypass graft. 


and dilated cardiomyopathy, the resulting mural throm- 
bus is in contact with the circulating blood, and may be 
propelled into the ventricular outflow tract, leading to 
embolism. This apparent paradox should be taken into 
consideration in the appropriate management of these 
patients. 

Prosthetic valves: Mechanical prostheses are signifi- 
cantly more thrombogenic than their biologic counter- 
parts. The prosthetic surface area exposed to the circula- 
tion (including the endocardium-suture-prosthesis inter- 
faces) is the major factor leading not only to platelet 
activation but, more important, to activation of the coag- 
ulation cascade.’ Flow stasis and abnormal hemodynam- 
ic characteristics of the prosthetic devices mainly pro- 
mote fibrin formation and promote platelet aggregation 
secondarily. 

Biologic prostheses are less thrombogenic because of 
the natural properties of the material used in their con- 
struction and because of leaflet pliability, axial flow pro- 
file and cyclic sinusoidal washout.°® 

In summary, arterial thrombosis involves vessel wall 
damage and exposure of a thrombogenic substrate, re- 
sulting in activation of both platelets and the coagulation 
system. Intracavitary thrombosis occurs predominantly 
in situations of circulatory stasis, which favor activation 
of the coagulation cascade and fibrin formation. Finally, 
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mechanical prostheses primarily lead to activation of the 
clotting system and, secondarily, to activation of platelets, 
whereas bioprostheses are considerably less thrombo- 
genic. 


STRATIFICATION OF 
THROMBOEMBOLIC RISK 

The pathogenesis and anatomic location of a throm- 
boembolic process dictates the type of antithrombotic 
therapy best suited for a particular patient. The intensity 
of therapy, however, is also dependent on the individual’s 
risk of thrombosis and embolism. In the high-risk cate- 
gory are patients with a predicted incidence of thrombo- 
embolism of more than 6% per year. At medium risk are 
those with an incidence of thromboembolism that ranges 
from 2 to 6 per 100 patients/years. Finally, the low-risk 
group includes those with fewer than 2 episodes per 100 
patients/year (Table I). 

For thrombosis within the arterial circulation, 3 risk 
groups are identified: Patients at high risk are those 
with unstable angina, acute myocardial infarction, after 
thrombolysis for acute infarction, and during the early 
phase of both transluminal coronary angioplasty and sa- 
phenous vein graft bypass surgery. In the medium-risk 
category are patients with stable angina pectoris and 
those in the chronic phase after myocardial infarction, 
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coronary angioplasty and bypass surgery. When anti- 
thrombotic therapy is considered for primary prevention 
of coronary disease, these patients are included in the 
low-risk group, because their thrombotic risk is below 1% 
per year. 

With regard to cardiac chamber thrombosis and em- 
bolism, patients at highest risk are those with atrial fibril- 
lation and prior embolism (within the preceding 2 years). 
At somewhat lower but still substantial risk, are those 
with atrial fibrillation and mitral stenosis and those with 
uncontrolled hyperthyroidism. At medium risk are pa- 
tients with atrial fibrillation and other forms of organic 
heart disease: hypertensive, ischemic, cardiomyopathic 
and valvular (excluding mitral stenosis). Patients in the 
early phase after anterior infarction and those with dilat- 
ed cardiomyopathy are also at medium risk for thrombo- 
embolism. At lowest risk are patients with idiopathic 
(lone) atrial fibrillation and those with chronic left ven- 
tricular aneurysm (more than 3 months after myocardial 
infarction). 

In patients with valvular prostheses, those with old 
mechanical prostheses (implanted before the mid-1970s) 
and those with prior embolism are at highest risk. At 
medium risk are patients with modern mechanical pros- 
theses and those with bioprostheses in the presence of 
atrial fibrillation. At lowest risk are patients with bio- 
prostheses along with normal sinus rhythm. 


ANTITHROMBOTIC TREATMENT BASED 
ON PATHOGENESIS AND RISK 

With the foundations established in the sections of 
pathogenesis and risk stratification, a rational approach 
to the selection of antithrombotic agents is outlined in 
Table I. The numerical values correspond to the high-, 
medium- and low-risk clinical situations and should be 
taken only as flexible and approximate values, since dis- 
tinguishing patient characteristics preclude rigidly de- 
fined categories. Therapeutic recommendations are for- 
mulated along the lines of anatomic location and patho- 
genesis, represented by the horizontal rows in the table. In 
general, for patients at high risk, aggressive antithrom- 
botic therapy is recommended. In contrast, for patients at 
low risk, antithrombotic therapy may not even be neces- 
sary. For the medium-risk group, an intermediate ap- 
proach is suggested. 

Arterial circulation: Injury to the vessel wall leads to 
activation of platelets and of the coagulation system, with 
the production of thrombin and fibrin; the particular 
clinical situation will dictate whether a platelet inhibitor, 
an anticoagulant, or the combination of both is indicated. 
The patient’s risk of thrombosis will determine the inten- 
sity of therapy. 

High risk: Patients with unstable angina are at in- 
creased risk of infarction and cardiovascular death. Sev- 
eral randomized trials have clearly demonstrated that 
platelet inhibitor therapy with aspirin”? or with ticlopi- 
dine!° reduces the incidence of myocardial infarction and 
death. In addition, the findings of 2 other studies?:!' sup- 
port the use of heparin during the acute stage. In 1 trial,’ 
aspirin, heparin, and the combination of both were found 
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effective, with a trend favoring heparin over aspirin. Be- 
Cause in some patients with unstable angina, myocardial 
infarction develops despite treatment with 1 agent or the 
other, the combination of low-dose aspirin (80 mg/day) 
and heparin (activated thromboplastin time 1.5 to 2.0 X 
control) may be more effective and needs to be tested in 
larger clinical trials. Beyond the acute phase, a daily dose 
of 325 mg of aspirin is recommended. 

The value of aspirin in the acute phase of myocardial 
infarction was substantiated by the results of the Second 
International Study of Infarct Survival (ISIS-2) trial.!? 
Aspirin, which probably acts by preventing reinfarction 
after spontaneous or pharmacologic thrombolysis, signifi- 
cantly reduced vascular mortality and reinfarction when 
used alone or in combination with streptokinase. The 
issue of short-term anticoagulation in acute myocardial 
infarction for the prevention of reinfarction and mortality 
is still unsettled. Although large studies showed that anti- 
coagulant use was associated with a trend toward lower 
reinfarction, only when the results of randomized trials 
were pooled!? was a significant reduction in mortality 
seen (20%). Because of the high risk of reinfarction and 
death in the first weeks after acute myocardial infarction, 
the combination of aspirin and an anticoagulant may 
prove beneficial and deserves clinical testing. 

Based on the results of the ISIS-2 trial, with regard 
to anticoagulants, a recent Italian multicenter trial 
(SCATI)'* showed that subcutaneous heparin (12,500 
units twice daily) reduced mortality in patients with acute 
myocardial infarction treated with intravenous streptoki- 
nase. Thus, a beneficial role for aspirin!” or for heparin'4 
as adjunctive therapy to thrombolysis is supported by 
recent clinical trials. Patients with acute infarction treat- 
ed with thrombolytic agents should receive aspirin on 
admission. !? 

Substantial damage to the vessel wall during coronary 
angioplasty predisposes to acute thrombotic vessel occlu- 
sion. Several studies!>-'’ have clearly shown that pre- 
treatment with aspirin, aspirin plus dipyridamole, or ti- 
clopidine significantly reduces the incidence of coronary 
occlusion and infarction during and after angioplasty. 
The role of heparin has not been properly tested in clinical 
trials; however, experimental data showed an inverse re- 
lation between heparin dose, platelet deposition and 
thrombosis.'!* Given the propensity for acute thrombotic 
complications during angioplasty, pretreatment with as- 
pirin combined with adequate heparinization throughout 
the procedure is clearly indicated. Aspirin taken daily is 
recommended after discharge. 

Coronary artery bypass surgery can be complicated 
by early graft occlusion that is mainly thrombotic in 
origin and in which platelets play a major pathogenic 
role. Several trials!?-?! have documented that aspirin, 
with or without dipyridamole, or ticlopidine reduces the 
incidence of graft occlusion when given preoperatively or 
soon after operation. Because preoperative aspirin in- 
creases the risk of postoperative bleeding, we prescribe 
dipyridamole preoperatively, followed by aspirin (325 
mg/day) alone, starting in the immediate postoperative 
period. In addition to antiplatelet therapy, intraoperative 
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heparin is necessary for prevention of thrombosis in this 
high-risk population. Beyond the acute phase, patients 
are at risk of recurrent coronary thrombosis and vein 
graft closure. Therefore, long-term aspirin therapy ap- 
pears sensible. 

Medium risk: Patients with stable angina are often 
treated empirically with platelet inhibitor therapy. Pre- 
liminary evidence”? from a randomized, angiographic tri- 
al in patients with stable coronary disease suggests that 
antiplatelet therapy reduces the incidence of myocardial 
infarction and new lesion formation; however, it does not 
prevent the progression of disease in patients with preex- 
isting lesions. 

In survivors of myocardial infarction, the search for 
an effective antithrombotic regimen for the prevention of 
reinfarction and mortality has generated enormous con- 
troversy. Even though at least 10 trials of antiplatelet 
therapy have been reported, no single trial has succeeded 
in providing a definitive answer; however, when all the 
trials are pooled,” antiplatelet treatment reduces the in- 
cidence of cardiovascular events by 25%. Aspirin alone is 
as effective as it is in combination with dipyridamole and 
more effective than sulfinpyrazone. Therefore, aspirin, 
325 mg/day, is recommended to survivors of myocardial 
infarction. 

The use of postinfarction anticoagulant therapy has 
yielded conflicting results. Most large studies show a 
trend toward lower reinfarction, but the effects on mor- 
tality are less evident. One randomized trial?* assigned 
patients who had undergone anticoagulation (6 years af- 
ter infarction) to continue the anticoagulant or substitute 
placebo. After 2 years, those who continued to receive 
warfarin therapy had a significant reduction in reinfarc- 
tion and lower mortality. Furthermore, preliminary evi- 
dence from the Norwegian (WARIS) trial? strongly 
supports the use of warfarin after infarction, for the pre- 
vention of reinfarction and death. Therefore, for the sec- 
ondary prevention of postinfarction cardiovascular mor- 
bidity and mortality, available evidence supports the use 
of either aspirin or an anticoagulant. At a dose of 325 
mg/day, aspirin offers several advantages over long-term 
anticoagulation, in terms of cost, ease of administration 
and safety. 

Low risk: Given the prevalence of coronary disease in 
our society, attempts at primary prevention of myocardial 
infarction and cardiovascular death are warranted. Two 
primary prevention trials were recently published.?6?’ 
The United States trial? showed that aspirin (325 mg 
administered every other day) reduced the incidence of 
myocardial infarction by almost 50%, while the smaller, 
British study ’’ found no benefit from 500 mg of aspirin a 
day. Neither study found a reduction in overall mortality, 
but aspirin was associated with a slight increase in the risk 
of hemorrhagic stroke. When both studies are analyzed 
together, aspirin is seen to exert a beneficial effect by 
reducing the incidence of myocardial infarction, at the 
price of a slightly increased risk of brain hemorrhage. 
Aspirin appears to have a greater beneficial impact in 
patients with risk factors for coronary disease2® and in 
those with evidence of cerebral or peripheral artery dis- 
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ease. Therefore, one may recommend aspirin to male 
patients older than age 40 years, who have risk factors for 
coronary disease or evidence of disease in other vascular 
territories. In addition, the control of risk factors in these 
patients is of primary importance. 

In summary, thrombosis within the arterial system 
involves both platelet and clotting activation. For patients 
at high risk, the combination of a platelet inhibitor and an 
anticoagulant (in the acute phase) should be considered. 
For those at medium risk, either a platelet inhibitor or an 
anticoagulant is beneficial, although the former is fa- 
vored because of lower toxicity and cost. Finally, for those 
at low risk, a platelet inhibitor can be recommended to 
selected patients (Table I). 

Cardiac chambers: Thrombosis within the left atrium 
and left ventricle is primarily due to blood stasis, which 
results in activation of the coagulation system rather than 
of platelets. Therefore, anticoagulant agents are essential 
to the management of most of these patients, except for 
those at lowest risk (Table I). 

High risk: Patients at highest risk are those with a 
history of systemic embolism over the previous 2 years. 
Although no prospective randomized trials using antico- 
agulants are available, the marked increase in risk war- 
rants the use of anticoagulant therapy aimed at prolong- 
ing the prothrombin time (PT) to 1.5 to 2.0 X control 
(International Normalized Ratio [INR] of prothrombin 
suppression, 3.0 to 4.5). Also at significant embolic risk 
are patients with atrial fibrillation and mitral stenosis. 
Several nonrandomized trials have shown that anticoagu- 
lant therapy reduces the incidence of embolism by 25%.”8 
These patients should receive chronic warfarin therapy to 
prolong PT to 1.3 to 1.5 X control (INR, 2.0 to 3.0).28 In 
addition, patients with atrial fibrillation and uncontrolled 
hyperthyroidism have a high embolic risk and should 
receive anticoagulation until a euthyroid state and rever- 
sion to sinus rhythm have been achieved. 

Medium risk: This category includes patients with 
atrial fibrillation and other forms of organic heart dis- 
ease, also known as nonvalvulopathic atrial fibrillation. 
These patients have an intermediate but incompletely 
defined risk of embolism, and account for almost 50% of 
cardioembolic strokes. In a retrospective study,”? patients 
who received anticoagulants had a much lower incidence 
of systemic embolism than did those patients who did not. 
The results of the randomized Copenhagen Atrial Fibril- 
lation Aspirin-Anticoagulation (AFASAK) trial° sug- 
gest that, in patients with nonvalvulopathic atrial fibrilla- 
tion, warfarin reduced the incidence of stroke and tran- 
sient ischemic attacks by 75%, whereas aspirin produced 
no better results than placebo. Although these results 
support the use of warfarin, the patient subgroups that 
stand to gain the most benefit from anticoagulation have 
not yet been differentiated. When indicated, the dose of 
warfarin should be adjusted to prolong the PT to 1.3 to 
1.5 X control (INR, 2.0 to 3.0). 

Left ventricular mural thrombi develop in up to one- 
third of patients with acute anterior myocardial infarc- 
tion; systemic embolism develops in approximately 10% 
of cases of mural thrombosis, thus affecting 2 to 5% of 
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patients with acute infarction. The incidence of embolism 
is highest in the first weeks after infarction, and short- 
term anticoagulation has been shown to reduce the em- 
bolic rate by 25 to 75%.?!-33 Two recent studies!4+34 
showed that high-dose subcutaneous heparin (12,500 U 
administered twice daily) significantly reduced the inci- 
dence of mural thrombosis in patients with anterior in- 
farcts. Patients with large anterior infarcts, as well as 
those with heart failure or atrial fibrillation, should be 
treated with heparin (aimed at an activated thromboplas- 
tin time of 1.5 to 2.0 X control); heparin may be followed 
by warfarin (PT of 1.3 to 1.5 X control; INR, 2.0 to 3.0) 
in patients with electrocardiographic evidence of mural 
thrombi or extensive wall-motion abnormalities. Warfa- 
rin may be discontinued after 1 to 3 months, except in 
patients with heart failure, significant ventricular dys- 
function, or persistent echocardiographic evidence of mu- 
ral thrombi.*> 

In addition, patients with dilated cardiomyopathy are 
at a medium risk for systemic embolism. In a retrospec- 
tive study?® of patients with idiopathic dilated cardiomy- 
opathy, those treated with anticoagulants had no embolic 
events, whereas those who were not anticoagulated had 
an embolic rate of 3.5% per year. Thus, chronic warfarin 
therapy (PT of 1.3 to 1.5; INR, 2.0 to 3.0) is recommend- 
ed to these patients. 

Low risk: At the lower end of the spectrum are pa- 
tients younger than age 60 with atrial fibrillation without 
evidence of organic heart disease (lone or idiopathic fi- 
brillation), and those with chronic left ventricular aneu- 
rysm (more than 3 months after acute infarction). The 
risk of embolism is low for these patients*’*; therefore, 
chronic anticoagulation is usually unnecessary. 

In summary, cardiac chamber thrombosis and embo- 
lism are related to activation of the coagulation system. 
Anticoagulant therapy (of variable intensity) is recom- 
mended for patients at high and medium risk, whereas 
those at low risk may not require this treatment (Table I). 

Prosthetic valves: The thrombogenicity of heart valve 
prostheses involves activation primarily of the coagula- 
tion system, and, secondarily, of platelets. The risk of 
thromboembolism is considerably greater for mechanical 
than for biologic devices. 

High risk: This group includes patients with mechani- 
cal prostheses and prior embolism, and those with old 
mechanical prostheses (implanted before the mid-1970s). 
Adequate warfarin therapy, at a dose sufficient to pro- 
long the PT to 1.5 to 2.0 X control (INR, 3.0 to 4.5) is the 
most important factor for the prevention of thromboem- 
bolism. In the high-risk group, the addition of dipyrida- 
mole (300 to 400 mg/day) to warfarin may reduce the 
thromboembolic risk.*?-4* The combination of aspirin 
and warfarin was also effective in some trials,**;*4 but the 
risk of gastrointestinal bleeding was substantial when 
aspirin was given at a daily dose of 500 mg or more.*° 
Therefore, we recommend supplementing warfarin with 
dipyridamole in high-risk patients with mechanical pros- 
theses. 

Medium risk: This category includes all other pa- 
tients with mechanical prostheses. These patients should 
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receive chronic anticoagulant therapy, aimed at a PT of 
1.5 to 2.0 X control (INR, 3.0 to 4.5). It also includes 
patients with biologic prostheses (particularly in the mi- 
tral position) during the first 3 months after operation 
and in the presence of atrial fibrillation.>-° These patients 
should be treated with warfarin postoperatively in order 
to achieve a PT of 1.3 to 1.5 X control (INR, 2.0 to 3.0) 
for about 3 months. However, if atrial fibrillation persists 
anticoagulation therapy for these patients should be con- 
tinued indefinitely. 

Low risk; Patients with bioprostheses who maintain 
normal sinus rhythm postoperatively and who do not have 
associated left ventricular dysfunction are at low risk of 
thromboembolism. Patients with aortic prostheses are at 
particularly low risk and may be managed without an- 
tithrombotic therapy.® 

In summary, activation of the coagulation system and 
secondary activation of platelets occur in patients with 
prosthetic heart valves. For those at high risk, combina- 
tion therapy with an anticoagulant and a platelet inhibi- 
tor is recommended. Medium-risk patients can be man- 
aged with an anticoagulant alone, and antithrombotic 
treatment is usually not necessary for those at low risk 
(Table I). 


CONCLUSIONS 

A rational antithrombotic approach for patients with 
cardiovascular disease can be formulated along the lines 
of anatomic location of thromboembolism, pathogenesis 
and risk identification. Patients at high risk require 
aggressive antithrombotic therapy with either the combi- 
nation of a platelet inhibitor and an anticoagulant (in 
arterial disease and valvular prostheses), or relatively 
high intensity anticoagulation (in cardiac chamber 
thrombosis). Patients at medium risk can be managed 
with a platelet inhibitor alone (in arterial disease) or an 
anticoagulant (in cardiac chamber thrombosis or pros- 
thetic valves). Finally, patients at the lowest spectrum of 
risk usually do not require antithrombotic therapy. 
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Diagnosis of Venous Thrombosis and 
Pulmonary Embolism 


Jack Hirsh, MD 


Venous thrombosis and pulmonary embolism are 


closely related disorders. As many as 70 to 80% of 
patients with pulmonary embolism have associated 
proximal deep venous thrombosis. The clinical di- 
agnosis alone of both venous thrombosis and pul- 
monary embolism is inaccurate because of the in- 
sensitivity and nonspecificity of findings, a problem 
that also occurs with a variety of other disorders. 
Invasive, objective tests are still the reference stan- 
dard, but they are not always easy to perform, they 
cannot be used for a considerable number of very ill 
patients, and they create some patient discomfort. 
There is an increasing trend toward using noninva- 
sive methods, either alone or in combination. These 
methods entail less risk, can be performed more 
quickly and conveniently, and are usually more 
cost-effective. Practical approaches to diagnosing 
venous thrombosis and pulmonary embolism in the 
clinical setting are discussed. 

(Am J Cardiol 1990;65:45C-—49C) 
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thrombosis are local pain, tenderness and swelling. 

The differential diagnosis includes the following 
conditions that may be confused with venous thrombosis: 
ruptured Baker’s cyst, cellulitis, muscle tear, muscle 
cramp, hematoma, external compression of the iliac vein, 
heart failure, varicose veins, leg immobilization, lymph- 
edema, lipedema, self-induced edema and the postphlebi- 
tic syndrome. 

Before 1970, most physicians and hospitals in North 
America used clinical diagnosis exclusively to make man- 
agement decisions in patients with suspected venous 
thrombosis. Data published about 1970 and subsequently 
have firmly established that the clinical diagnosis of ve- 
nous thrombosis is inaccurate because clinical findings 
are both insensitive and nonspecific. Sensitivity is low 
because many potentially dangerous venous thrombi are 
nonocclusive and therefore clinically silent. Specificity is 
low because symptoms and signs of venous thrombosis 
can all be caused by nonthrombotic disorders. 

Patients with mild symptoms may have serious venous 
thrombosis; it is essential that these patients be treated. 
On the other hand, it is important not to treat patients 
unnecessarily or to overdiagnose venous thrombosis. In 
our experience, compatible with that of many others, 70% 
of patients investigated for clinically suspected venous 
thrombosis did not have the diagnosis confirmed by ob- 
jective tests. These patients included many who were told, 
incorrectly, that they had so-called recurrent intractable 
thrombosis—a chronic, potentially fatal disease—engen- 
dering significant and totally unnecessary anxiety. 

The careful documentation of symptoms and signs in 
patients with clinically suspected deep-vein thrombosis, 
although not helpful in establishing a diagnosis of venous 
thrombosis in most patients, may nevertheless be valuable 
for identifying or excluding other disorders that readily 
lend themselves to clinical diagnosis. But whenever an- 
other diagnosis cannot clearly be established by clinical 
examination, objective tests are necessary to confirm or 
exclude the diagnosis of venous thrombosis. 


T he common clinical manifestations of deep venous 


INVASIVE DIAGNOSIS 
OF VENOUS THROMBOSIS 

Venography is accepted as the reference standard for 
diagnosing venous thrombosis. The aim of venography is 
to outline the deep venous system of the legs by injecting a 
radiopaque contrast medium into a dorsal foot vein. 
When good technique is used, ascending venography out- 
lines the entire deep venous system of the lower legs, 
including the external and common iliac veins in most 
patients. However, common femoral and iliac venogra- 
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A SYMPOSIUM: THROMBOSIS AND ANTITHROMBOTIC THERAPY—DIRECTION FOR THE ’90s 


TABLE I Venography 


Pros 
Diagnostic standard for venous thrombosis 
Outlines entire deep venous system of lower extremities, 
including external and common iliac veins 
Cons 
Invasive 
Requires expertise to administer and interpret 
Inferior vena cava, internal iliac, and deep femoral vein 
not visualized 


TABLE Il Fibrinogen Leg Scanning 


Pros 
Screens high-risk patients 
Noninvasive 
Complements IPG in diagnosis exclusion or confirmation 
Detects 90% of acute calf vein thrombi 
Cons 
Requires hours or days before definitive result available 
Insensitive to proximal venous thrombi 
Increases the expense 


IPG = impedance plethysmography. 


phy may be needed if the external and common iliac 
veins are not properly visualized by the ascending tech- 
nique or if the inferior vena cava must be outlined. The 
most reliable criterion for diagnosing thrombosis is the 
presence of an intraluminal filling defect that is con- 
stant in all x-ray films and is seen in a number of projec- 
tions. 

Venography is difficult to perform and requires con- 
siderable experience to execute and to interpret. Radiolo- 
gists and clinicians must be sensitive to the pitfalls of this 
technique, and must either repeat venography when tests 
are inadequate or base their diagnoses on noninvasive 
tests. 

Table I summarizes the advantages and disadvan- 
tages of venography in the diagnosis of venous thrombo- 
sis. 


NONINVASIVE DIAGNOSIS 
OF VENOUS THROMBOSIS 

Noninvasive methods for the diagnosis of venous 
thrombosis include: '*°I-fibrinogen scanning, impedance 
plethysmography (IPG), Doppler ultrasonography and 
B-mode ultrasonography. 

Fibrinogen scanning: '*>]-fibrinogen leg scanning 
depends on incorporation of circulating radioiodine-la- 
beled fibrinogen into the thrombus. The resulting radio- 
active fibrin is then detected by measuring the increase of 
overlying surface radioactivity with an isotope detector. 
Although very limited as a diagnostic test in patients with 
clinically suspected thrombosis, fibrinogen scanning can 
be used to screen medically and surgically treated pa- 
tients who are at high risk of developing venous thrombo- 
sis. It can also be used to complement IPG in confirming 
or excluding the diagnosis of clinically suspected throm- 
bosis. It has been demonstrated that if both the '*°I- 
fibrinogen scan and the impedance plethysmogram yield 
negative results, the negative predictive value of that 


46C THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


combination is as good as that of a negative result in a 
venogram. 

Fibrinogen leg scanning detects more than 90% of 
acute calf vein thrombi, but detects only between 60 and 
80% of proximal vein thrombi, depending on their loca- 
tion. Fibrinogen scanning is relatively insensitive in the 
upper thigh, and insensitive to venous thrombi in the 
pelvis. Fibrinogen scanning should never be used as the 
only diagnostic test because it fails to detect many high 
proximal vein thrombi, and also because it may take 
hours or even days for enough fibrinogen to accumulate 
in the thrombus to make the test result positive. 

Table II summarizes the advantages and disadvan- 
tages of fibrinogen scanning in the diagnosis of venous 
thrombosis. 

impedance plethysmography: [PG is a noninvasive 
method that detects volume changes in the leg when a 
pneumatic thigh cuff is inflated and deflated, resulting 
in changes in electrical resistance (impedance). These 
changes are reduced in patients with obstruction (e.g., 
thrombosis) of the popliteal or proximal veins. The accu- 
racy of IPG is critically dependent on the degree of ve- 
nous filling during cuff occlusion. Venous filling is im- 
proved by prolonging the period of cuff occlusion and by 
using repeated sequential testing. 

The IPG test is sensitive and specific for thrombosis of 
the popliteal, femoral or iliac vein (proximal veins). Be- 
cause it detects only thrombi that produce obstruction to 
venous outflow, it will not detect calf vein thrombi. It may 
also overlook small, nonocclusive proximal vein thrombi, 
and may likewise be negative when proximal vein throm- 
bosis is associated with well-developed collaterals. Final- 
ly, the IPG test does not distinguish between thrombotic 
and nonthrombotic obstruction to venous flow. It may 
therefore lead to false-positive results if the patient is 
positioned incorrectly or is inadequately relaxed, with 
constriction of veins by contraction of leg muscles; if 
compression is caused by an extravascular mass; or if 
venous outflow is raised by central venous pressure. 

It is of practical clinical importance to know the fre- 
quency with which an abnormal IPG result returns to 
normal, because patients with proximal vein thrombosis 
frequently have symptoms in the affected leg during or 
after long-term anticoagulant therapy. The IPG returns 
to normal by 3 weeks for approximately 30% of patients, 
by 6 weeks for 50% of patients, at 3 months for 60% of 
patients, at 6 months for 80% and at 12 months for 90%. 
Because of these findings, we perform baseline IPG for all 
patients with proximal vein thrombosis when anticoagu- 
lant therapy is discontinued. 

Table III summarizes the advantages and disadvan- 
tages of IPG in the diagnosis of venous thrombosis. 

Doppler ultrasonography: Doppler ultrasonograhy 
was introduced and developed at about the same time as 
IPG, and has similar advantages and limitations. In ex- 
pert hands, Doppler ultrasonography is a sensitive meth- 
od for detecting proximal vein thrombosis, but it is less 
sensitive for detecting calf vein thrombosis. This method 
involves directing a beam of ultrasound energy percuta- 
neously at an underlying vein, where it is reflected from 
blood cells. If the blood is stationary, no flow sound is 





heard. If the blood particles are moving, the beam is 
reflected at a changed frequency (the Doppler shift) that 
is proportional to the velocity of flow and produces an 
audible signal, or flow sound. 

This technique can be performed more conveniently 
and rapidly than IPG and is less expensive. It is almost as 
sensitive as IPG to symptomatic proximal vein thrombo- 
sis, and more sensitive to symptomatic calf vein thrombo- 
sis than IPG, detecting about 50% of such thrombosis. It 
can be used for patients who have their legs in plaster 
casts or who are in traction. Interpretation of results is 
subjective, however, and requires considerable skill and 
experience. 

Table IV summarizes the advantages and disadvan- 
tages of Doppler ultrasonography in the diagnosis of ve- 
nous thrombosis. 

B-mode ultrasonography: B-mode ultrasonography, 
or duplex scanning, is a recently introduced, very promis- 
ing diagnostic procedure that is being used with increas- 
ing frequency in the diagnosis of venous thrombosis. B- 
mode ultrasonography is performed using a high-resolu- 
tion, real-time ultrasound scanner equipped with a 
5-MHz electronically focused linear-array transducer. 
The common femoral vein is localized in the groin with 
the patient in the supine position. Visualization of both 
the femoral artery and vein is necessary. If only the artery 
is seen, the patient performs a Valsalva maneuver in order 
to obtain visualization of the vein. The presence or ab- 
sence of an intraluminal echogenic band and the percent- 
age change in vein diameter during the Valsalva maneu- 
ver can also be assessed. The femoral vein is visualized in 
cross section and longitudinally. The popliteal vein is 
localized in the popliteal fossa with the patient in the 
prone position. 

The compressibility of the vein being examined is 
assessed by compressing the vein with the transducer 
probe and observing the effect on the monitor. The result 
is scored either as noncompressible, or if no residual lu- 
men is observed, as fully compressible. Single-hand firm 
compression with the transducer probe is sufficient to 
evaluate noncompressibility. Hard copies can be obtained 
from the freeze-frame image of both stages of the proce- 
dure. 

Like IPG and Doppler ultrasonography, B-mode ul- 
trasonography is highly sensitive and specific for proxi- 
mal vein thrombosis, but of limited sensitivity in the de- 
tection of calf vein thrombosis. 

Other noninvasive tests: Less common techniques 
used to diagnose venous thrombosis (which have not been 
as thoroughly evaluated) include strain-gauge plethys- 
mography and thermography. Blood tests that reflect 
intravascular fibrin formation and fibrin proteolysis are 
currently being evaluated. 


SERIAL IMPEDANCE PLETHYSMOGRAPHY 

A practical noninvasive approach to diagnosing clini- 
cally suspected venous thrombosis is based on serial IPG. 
It is likely that B-mode ultrasonograhy can be used in the 
same way. The use of serial IPG alone has been evaluated 
in a number of prospective studies and has been found to 
be effective. To date, the effectiveness and safety of 
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TABLE Ill Impedance Plethysmography 


Pros 
Sensitive and specific for thombosis of popliteal, femoral 
or iliac proximal veins 
Useful for monitoring patients after anticoagulant therapy 
is discontinued 
Noninvasive 
Cons 
Does not detect calf vein or small proximal vein thrombi 
Does not distinguish between thrombotic and 
nonthrombotic obstruction 
False-positive results from incorrect patient position, 
contracted leg muscles, the presence of extravascular 
mass, or elevated central venous pressure 


TABLE IV Doppler Ultrasonography 


Pros 
Sensitive for proximal vein thrombosis 
Noninvasive, rapid, inexpensive 
Easily performed 
50% sensitive to symptomatic calf vein thrombosis 
Cons 
Interpretation subjective and requires expertise 


Doppler ultrasonography alone, and of B-mode ultraso- 
nograhy, have not been formally evaluated. 

Repeated studies have demonstrated that untreated 
symptomatic calf vein thrombi only very rarely cause 
serious thromboembolic events if the thrombus does not 
extend from the calf. But the thrombus does extend in 
about 20 to 30% of patients with symptomatic calf vein 
thrombosis, usually within about 7 days of the thrombus 
onset. 

Repeated IPG is based on this confirmed observation 
that calf vein thrombi are clinically important only when 
they extend into the proximal veins, at which point detec- 
tion with IPG becomes possible. By performing repeated 
IPG examinations of patients with clinically suspected 
venous thrombosis, it is possible to identify patients with 
extending calf vein thrombosis who can be appropriately 
treated. 

An algorithm (Fig. 1) for the noninvasive diagnosis of 
clinically suspected venous thrombosis is as follows: IPG 
(or B-mode ultrasonograhy) is performed when the pa- 
tient is referred; if the IPG result is positive, and in the 
absence of clinical conditions that are known to produce 
false-positive results, the diagnosis of venous thrombosis 
is established, and the patient is treated accordingly. If 
the result of the initial test is negative, anticoagulant 
therapy is withheld and the test is repeated the following 
day, again on day 5, and on days 10 to 14. If the imped- 
ance plethysmogram or B-mode ultrasonogram yields 
positive results during this time, a diagnosis of venous 
thrombosis is made, and anticoagulant therapy is begun. 
A positive impedance plethysmogram result in the pres- 
ence of conditions known to produce a false-positive re- 
sult (e.g. congestive heart failure) should be confirmed by 
venography. 

If noninvasive tests are not available, a clinical suspi- 
cion of venous thrombosis should be objectively con- 
firmed or excluded by performing ascending venography. 


47C 





A SYMPOSIUM: THROMBOSIS AND ANTITHROMBOTIC THERAPY—DIRECTION FOR THE ’90s 





A Practical Diagnostic Algorithm: 
Venous Thrombosis 
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FIGURE 1. An algorithm for the noninvasive diagnosis of clini- 
cally suspected venous thrombosis, using serial impedance 
plethysmography or B-mode ultrasonograhy. 


PULMONARY EMBOLISM 

Pulmonary embolism is a common complication of 
deep venous thrombosis of the legs. As many as 70 to 80% 
of patients with pulmonary embolism have leg vein 
thrombosis by venography at the time of clinical presen- 
tation. 

The clinical diagnosis of pulmonary embolism is as 
nonspecific as the clinical diagnosis of venous thrombosis, 
because all the symptoms and signs of pulmonary embo- 
lism can be caused by other cardiorespiratory disorders. 
More than half of all patients with clinically suspected 
pulmonary embolism do not have this diagnosis con- 
firmed by objective testing. 

Arterial blood gas measurements are almost as non- 
specific as clinical diagnosis and should not be used to 
make a diagnosis of pulmonary embolism. In addition, 
normal PaO» (>80 mm Hg) does not exclude the possi- 
bility of an embolism. 

The radiologic findings associated with pulmonary 
embolism are also nonspecific and may show no abnor- 
mality. However, the chest x-ray may reveal other causes 
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Perfusion defect 
subsegmental/or 
indeterminate scan 


Pulmonary 
angiography 


Negative 


of the patient’s condition (e.g., pneumothorax), and it is 
also required for interpretation of the lung-scan findings. 

An electrocardiogram may be useful in differentiating 
between pulmonary embolism and myocardial infarction, 
but the electrocardiogram is frequently normal or non- 
specific. The time-honored findings of right-axis shift and 
the Sı, Q3, T; pattern are uncommon and also nonspe- 
cific. 

Lung scanning is extremely useful—when the result is 
normal—to exclude a diagnosis of pulmonary embolism. 
When there is a large ventilation-perfusion mismatch, 
lung scanning can be used to diagnose pulmonary embo- 
lism. Other lung-scan findings do not have sufficiently 
high or low predictive power either to rule out or to rule in 
pulmonary embolism, and a diagnosis of pulmonary em- 
bolism requires pulmonary angiography to confirm it. 
Objective tests for venous thrombosis are also useful be- 
cause, as mentioned earlier, most pulmonary emboli are 
associated with deep-vein thrombosis of the legs. 

Most pulmonary emboli are clinically silent. When 
manifested, their signs and symptoms include transient 
dyspnea and tachypnea, and the syndrome of pulmonary 
infarction or congestive atelectasis (also known as isch- 
emic pneumonitis or incomplete infarction), which is as- 
sociated with pleuritic chest pain, cough, hemoptysis, 
pleural effusion and pulmonary infiltrates on chest x-ray. 

Other clinical manifestations of pulmonary emboli 
can include right-sided cardiac failure associated with 
severe dyspnea and tachypnea; cardiovascular collapse 
with hypotension, syncope and coma; and various less 
common and less specific clinical features, including con- 
fusion and coma, pyrexia, wheezing, resistant heart fail- 
ure and unexplained arrhythmia. 

The differential diagnosis of shortness of breath in- 
cludes atelectasis, pneumothorax, pneumonia, acute 
bronchitis, acute bronchiolitis, and acute bronchial ob- 
struction due to mucus plugging, bronchoconstriction or 
acute pulmonary edema. 

Pleuritic-type chest pain may be a prominent feature 
of musculoskeletal abnormalities of the chest wall, in- 


A Practical Diagnostic Algorithm: Pulmonary Embolism 





FIGURE 2. A diagnostic algorithm for the 
management of clinically suspected pulmo- 
nary embolism. ECG = electrocardiogram; 
IPG = impedance plethysmography; PE = 
pulmonary embolism. 
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cluding fractured ribs, myositis, muscle strain, and occa- 
sionally acute pericarditis. 

Hemoptysis associated with pulmonary embolism 
must be differentiated from hemoptysis caused by bron- 
chitis, bronchogenic carcinoma, tuberculosis, mitral ste- 
nosis, bronchial adenoma and bronchiectasis. 

If acute right ventricular heart failure complicates 
pulmonary embolism, it is almost always associated with 
severe dyspnea and tachypnea. These features can also be 
due to acute pulmonary hypertension, which complicates 
left ventricular failure, acute infection in patients with 
severe chronic obstructive lung disease, and pulmonary 
emboli of nonthrombotic origin. 

Acute pulmonary hypertension can complicate mitral 
stenosis or acute left ventricular failure, which is most 
frequently caused by acute myocardial infarction. In pa- 
tients with chronic obstructive lung disease, acute pulmo- 
nary hypertension, severe dyspnea and right-sided cardi- 
ac failure may develop when the course of their illness is 
complicated by acute chest infection. 

Finally, myocardial infarction complicated by cardio- 
genic shock, acute pericardial tamponade, acute massive 
blood loss and gram-negative septicemia may be confused 
with massive embolism. 


PULMONARY ANGIOGRAPHY 

Pulmonary angiography is the reference standard for 
establishing the presence or absence of pulmonary embo- 
lism. The diagnostic resolution of pulmonary angiogra- 
phy is improved, and the risk of the procedure is reduced 
by using selective angiography and magnification views. 
A well performed pulmonary angiogram that has nega- 
tive results excludes a diagnosis of pulmonary embolism. 

Selective pulmonary angiography is a safe technique 
as long as patients do not have severe chronic hyperten- 
sion or severe cardiac or respiratory decompensation. Ap- 
proximately 20% of patients with clinically suspected pul- 
monary embolism and abnormal perfusion lung-scan 
findings cannot undergo pulmonary angiography because 
of the severity of their primary illness. Because of the 
limitations of pulmonary angiography, extensive efforts 
have been made to replace this invasive technique with 
less invasive diagnostic tests. 


NONINVASIVE DIAGNOSIS 
OF PULMONARY EMBOLISM 

Perfusion lung scans and ventilation lung scans are 
used in the noninvasive diagnosis of pulmonary embo- 
lism. To accomplish perfusion lung scanning, particles of 
human macroaggregated albumin labeled with !'I are 
trapped in the pulmonary capillary bed, and their distri- 
bution, reflecting the distribution of lung blood flow, is 
recorded with an external photoscanner. Improvements 
in instrumentation, particularly the development of the 
gamma camera, as well as more effective radiopharma- 
ceuticals, have led to wide acceptance of this technique 
for investigating pulmonary embolism. 

Although perfusion lung scanning can detect regions 
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of poor perfusion as small as 2 cm in diameter, an abnor- 
mal perfusion scan is nonspecific and cannot identify the 
cause of the perfusion defect. A number of studies have 
confirmed the poor specificity of perfusion lung scanning 
for diagnosing pulmonary embolism. In a recent prospec- 
tive study of a consecutive series of 305 patients with 
suspected embolism and abnormal perfusion lung-scan 
findings, pulmonary embolism was demonstrated by an- 
giography in only 95 of 183 patients (52%).! 

Ventilation lung scanning uses either radioactive gas- 
es or radioactive aerosols that are inhaled and exhaled by 
the patient while a gamma camera records the distribu- 
tion of radioactivity within the alveolar gas exchange 
units. Ventilation imaging was introduced on the assump- 
tion that ventilation is preserved in areas that have re- 
duced perfusion because of pulmonary embolism (venti- 
lation-perfusion mismatch), whereas ventilation is abnor- 
mal when perfusion defects occur as a consequence of 
primary ventilation abnormalities (ventilation-perfusion 
match). This assumption has recently been shown to be 
only partly correct. 


A DIAGNOSTIC ALGORITHM 

A diagnostic algorithm for the management of clini- 
cally suspected pulmonary embolism may be offered 
(Fig. 2). After the history and physical examination, elec- 
trocardiogram, and chest x-ray, all patients should under- 
go perfusion lung scanning. Finding negative results on a 
perfusion lung scan rules out clinically significant pulmo- 
nary embolism, and anticoagulant therapy is withheld. If 
the perfusion lung scan shows 1 or more segmental (or 
greater) perfusion defects, ventilation lung scanning 
should be performed because the probability of pulmo- 
nary embolism is markedly increased if a mismatch is 
found (positive predictive value, 86%). This provides an 
end point for begining anticoagulant therapy for most 
patients. A matched ventilation-perfusion defect does not 
rule out the possibility of pulmonary embolism, and fur- 
ther objective testing is required for these patients. 

Similarly, when patients have small perfusion defects 
(1 or more subsegmental defects), or when patients have 
indeterminate lung-scan findings (in which the perfusion- 
scan defects correspond to a defect shown on the chest x- 
ray), the predictive values obtained from these ventila- 
tion-perfusion-scan patterns are neither sufficiently high 
or low to confirm or exclude pulmonary embolism. For 
these patients, venography or IPG could be performed as 
the initial step of the diagnostic workup. 

If objective testing confirms the presence of deep-vein 
thrombosis, anticoagulant therapy can begin without the 
need to perform pulmonary angiography. If results of 
venography are negative, however, pulmonary angiogra- 
phy is required to confirm the presence or absence of 
pulmonary embolism. 
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Prevention of Venous Thrombosis and 
Pulmonary Embolism 


Vijay Kakkar, MD, FRCSE 


Deep vein thrombosis (DVT) leads to hospitalization 
for up to 600,000 persons each year in the United 
States. Venous thrombosis in itself may be benign, 
but the condition can lead to dangerous complica- 
tions and has a high recurrence rate. Strategies to 
prevent DVT involve prevention of stasis and rever- 
sal of changes in blood coagulability that allow 
thrombi to form. 

Pharmacologic agents have been effective in re- 
ducing the incidence of DVT and pulmonary embo- 
lism. Low-dose subcutaneous heparin is considered 
a nearly ideal DVT preventative for surgically treat- 
ed patients. The risk of hemorrhage is the main 
limitation to routine use of subcutaneous anticoagu- 
lants for DVT, but careful patient selection can 
minimize that risk. After anticoagulant therapy 
with heparin, generally for 7 to 10 days, oral war- 
farin is the drug of choice for maintenance antico- 
agulation to prevent DVT recurrence. Therapy for 
pulmonary embolism is the same as for DVT—im- 
mediate anticoagulation with heparin followed by 
maintenance with warfarin. 

(Am J Cardiol 1990;65:50C-—54C) 
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eep vein thrombosis (DVT) is a frequent com- 
D plication of certain primary illnesses and medical 

procedures, and up to 600,000 persons with this 
condition are hospitalized each year in the United States. 
Although relatively benign in itself, venous thrombosis 
carries with it the risk of such late sequelae as swelling 
of the legs, varicose veins, ulceration and other circula- 
tory changes. Furthermore, it has a high recurrence 
rate. 

A high percentage of calf-vein thrombi undergo spon- 
taneous lysis, but in about 20% of patients more extensive 
thrombi develop that may extend proximally into larger 
veins. Nearly 50% of pulmonary emboli arise from these 
extended venous thrombi. The problem of treatment of 
these emboli is that two-thirds of the deaths that follow 
pulmonary embolism (PE) occur within 30 minutes of the 
embolic event.! Therefore, thrombolytic treatment is not 
beneficial, even though it is capable of producing rapid 
lysis of emboli. In fact, 80% of PEs occur without symp- 
toms of peripheral DVT, and therefore treatment with 
anticoagulants and heparin is not initiated. Thus, preven- 
tion is the optimal form of management in patients after 
surgery and other patients at high risk of DVT or PE 
developing. 


DEEP VEIN THROMBOSIS PROPHYLAXIS 
VIA PREVENTION OF STASIS 

Although the mechanism is unclear, both stasis in the 
deep veins of the leg and changes in coagulability of the 
blood contribute to the formation of venous thrombi in 
the calves. Thus, strategies for preventing DVT aim to 
prevent stasis and to reverse coagulability changes that 
allow thrombi to form. 

Several approaches used to prevent venous stasis in 
surgically treated patients have yielded mixed results. 
Some of these methods are cost-effective and beneficial, 
at least for low-risk patients. Such methods include wear- 
ing elastic stockings to increase venous return, perform- 
ing vigorous leg exercises before and after surgery, elevat- 
ing the foot of the bed and early postoperative ambula- 
tion. 

Another approach to preventing stasis intraoperative- 
ly is electrical stimulation of the calf muscles with a low 
voltage current.2 Another method involves rhythmic 
compression of the calves.? 

Although these methods, particularly the last 2, are 
effective for lessening stasis and reducing the incidence of 
venous thrombosis in all but high-risk patients, they are 
somewhat inconvenient to use and have a number of 
logistical and management drawbacks. 





DEEP VEIN THROMBOSIS PROPHYLAXIS 
WITH ANTITHROMBOTIC THERAPY 

The use of various pharmacologic agents to counter- 
act blood coagulability has been more productive. These 
agents can be broadly classified into 3 main groups: (1) 
drugs that alter platelet function, (2) drugs that interfere 
with the coagulation mechanism, and (3) drugs that in- 
crease endogenous fibrinolytic activity. 

Alteration of platelet function: One theory of throm- 
bus formation is that it is initiated at a site of presumed 
damage to the venous epithelium, with subsequent plate- 
let aggregation. The rationale for using drugs that al- 
ter platelet function is that by preventing platelet ag- 
gregation they can prevent thrombus formation. The 
agents most often used are aspirin, dextran and dipyrida- 
mole. 

Aspirin irreversibly inactivates the cyclooxygenase of 
exposed platelets. This effect lasts for the life span of 
these exposed platelets. Results of studies with rabbits 
have been conflicting,+° and 2 double-blind studies®’ 
have shown that aspirin does not reduce the incidence of 
venous thrombosis after elective general surgery. A later 
study® found an impressive and statistically significant 
decrease in venous thrombosis in men, but not in women, 
after elective hip replacement. Another study showed 
that aspirin prevented PE after hip fracture.’ 

An interesting finding in several of the studies was 
that, whereas the incidence of DVT was lower in aspirin- 
treated patients, the incidence of PE was unchanged in 
controls. An explanation of this effect may be that aspirin 
confounded the diagnosis of some DVT cases by masking 
pain, tenderness, and increased temperature. Another 
possible explanation is that aspirin prevents the synthesis 
and release from platelets of prostaglandins, known to be 
mediators of the inflammatory response. 

Dextran 70 is frequently used to prevent venous 
thrombosis. The rationale for its use as prophylaxis is that 
its infusion is followed by a decrease in platelet adhesive- 
ness and by a defect in the release reaction of platelets 
and of platelet aggregation. Its exact mechanism of ac- 
tion is unclear, but it may increase the electrical negativ- 
ity of platelets and also lower the plasma level of the von 
Willebrand factor. Fibers in clots formed in the presence 
of dextran are coarser, with decreased tensile strength 
and increased susceptibility to lysis by plasmin. Dextrans 
are also volume expanders, which may increase blood 
flow and prevent venous stasis. Two large studies!®.!! 
demonstrated dextran’s effectiveness in reducing the inci- 
dence of fatal postoperative PE. 

Complications with use of dextran include PE in pa- 
tients with limited cardiac reserve, occasional renal fail- 
ure, mild allergic reactions and, rarely, anaphylactic re- 
actions. Other disadvantages include the drug’s cost and 
the necessity for intravenous administration. Nonethe- 
less, dextran is effective in selected patients. 

Dipyridamole, a weak inhibitor of adenosine diphos- 
phate-induced platelet aggregation, is effective in pre- 
venting experimentally induced thrombosis.'!? Combina- 
tions of dipyridamole plus aspirin and other compounds 
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have been tried, but studies of their value as prophylactics 
are inconclusive.!? 

Interference with the coagulation mechanism: An- 
other pharmacologic approach uses drugs such as oral 
anticoagulants (e.g., warfarin sodium) or low-dose sub- 
cutaneous heparin, which block or alter coagulation. 
There has also been a recent trial of a third group of 
compounds that act by releasing endogenous heparin-like 
substances. 

Warfarin and other oral anticoagulants: Warfarin 
and other oral anticoagulants are the most effective 
method of preventing venous thrombosis. However, ade- 
quate time must be available, as it is in elective surgery, to 
start therapy well before the operation. 

These drugs oppose the action of vitamin K in the 
liver, thus blocking the synthesis of the plasma clotting 
factors, prothrombin and factors VII, IX and X. Studies 
in patients undergoing orthopedic surgery, such as recon- 
structive hip surgery, show a reduction in incidence of 
approximately 66% for DVT and 80% for PE, compared 
with controls.'* Similar results have been reported for 
other types of surgery, as well as for heart disease. When 
used in patients with congestive heart failure, in which the 
risk of PE is high, oral anticoagulants reduced the inci- 
dence of DVT by 60% and of PE by 80% in comparison 
with that found in controls.!4 

The major drawback to the use of oral anticoagulants 
in surgically treated patients is the risk of massive hemor- 
rhage intraoperatively and postoperatively. The incidence 
of such hemorrhage has been reported as high as 7%. This 
risk of hemorrhage and the need for strict laboratory 
control of the dosage have contributed to the relatively 
low level of use of these drugs for prevention of DVT in 
surgically treated patients. Warfarin is nonetheless used 
in patients at very high risk of having thrombosis; the 
bleeding complications are considered offset by warfa- 
rin’s superior anticoagulant effectiveness. 

Subcutaneous heparin: Low-dose subcutaneous hep- 
arin is a nearly ideal prophylactic agent against DVT in 
patients after surgery. It has no adverse effects and re- 
quires no special monitoring. Moreover, it produces no 
bleeding when used for clinical situations in which the 
patient is subjected to major trauma. 

Heparin’s anticoagulant effect has been shown to oc- 
cur only in the presence of antithrombin, with which it 
combines to form an active complex that accelerates the 
blocking of the enzymatic action of thrombin. Small 
amounts of circulating heparin also neutralize activated 
factor X (and maybe also factors IX and XI) by enhanc- 
ing antithrombin activity. 

It has been shown that less heparin is required if 
hypercoagulability is treated with heparin before throm- 
bin formation. Low-dose heparin administered after the 
thrombin formation stage may not be effective. Although 
there is no in vitro evidence that low-dose heparin can 
help dissolve thrombi, the reduced formation of thrombi 
in the presence of heparin may retard the activation of 
factor XIII fibrin-stabilizing factor. Furthermore, the 
loose network of fibrin formed under these circumstances 
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may be more susceptible to fibrinolysis or mechanical 
breakdown. 


HEPARIN THERAPY IN 
PATIENTS AFTER SURGERY 

Numerous studies involving a variety of postsurgical 
patients over the past few years have shown a significant 
reduction in the incidence of DVT in patients receiving 
heparin.'* Heparin has also been found to be effective in 
reducing DVT in bedridden patients after myocardial 
infarction and stroke.'4 In a study by McCarthy et al!’ 
the incidence of DVT in 16 bedridden patients after acute 
stroke was 75% in the control group and 12.5% in the 
heparin-treated group. 

There is less evidence of benefit in patients undergoing 
total hip replacement than in other surgically treated 
patients. In 1 study of hip-replacement patients, DVT 
occurred in 50% of the control group and in 20% of the 
heparin-treated group.'* DVT may be due to extensive 
intimal damage resulting from torsion of the femoral vein 
during operation and consequent exposure of subintimal 
tissue to platelet adhesion and aggregation. Heparin has 
no known effect on platelets and is therefore ineffective in 
such cases. 

In about 20% of surgically treated patients, thrombi 
develop that extend proximally from the calf vein into 
the popliteal, femoral or iliac veins. PE occurs in almost 
50% of these patients. The effect of low-dose heparin on 
the extension of DVT has been evaluated in over 3,000 
patients undergoing elective surgery.'* Among 1,631 
control patients, thrombi formed in 380, and extension 
occurred in 99, an incidence of 6.0%. In the low-dose 
heparin-treated group of 1,485 patients, thrombi were 
detected in only 95, and extension occurred in only 9 
(0.6%) of these. 

Does low-dose heparin prevent fatal and nonfatal PE? 
The largest and most important study to examine this 
outcome was the International Multicenter Trial,!®!’ 
conducted in 28 centers. This study enrolled 4,121 pa- 
tients older than age 40 years undergoing various elective 
major surgical procedures. Of 180 patients who died post- 
operatively, 100 were in the control group and 80 in the 
heparin-treated group. Autopsies performed on 72 con- 
trols and 53 heparin-treated patients showed massive PE 
in 16 controls and in only 2 heparin-treated patients. In 
addition, 24 patients in the control group and 8 patients in 
the heparin group were treated for nonfatal PE; the dif- 
ference in the 2 groups is again significant (p <0.005). 

The concept of administering low-dose subcutaneous 
heparin adjusted to clotting time evolved in the early 
1960s. Despite evidence that this approach offered im- 
proved DVT prophylaxis, the additional laboratory work 
required discouraged its adoption. 

This approach has recently been evaluated in several 
studies. In 1 study! of 79 patients who had undergone 
total hip replacement, the heparin dosage was increased 
when the 6-hour postinjection activated partial thrombo- 
plastin time (APTT) was less than 31.5 seconds, and was 
later decreased when this value increased to more than 36 
seconds. DVT developed in 39% of patients who received 
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fixed-dose heparin and in 13% of patients who received 
adjusted doses. Monitoring of the adjusted-dosage group 
showed that increasing doses were required throughout 
the first postoperative week in order to maintain the 
APTT within the designated range. This finding suggests 
that hip replacement surgery, which requires extensive 
tissue dissection, induces a hypercoagulable state that 
requires increasingly higher doses of heparin to prevent 
DVT. However, these findings await corroboration. 

Combining stasis prevention with anticoagulation: 
Since both venous stasis and changes in blood coagulation 
are considered important in the pathogenesis of DVT, 2 
approaches that address both factors have been tried. 

The first approach, low-dose heparin plus compres- 
sion stockings, has been shown to be more effective than 
heparin alone in patients undergoing abdominal sur- 
gery.!? 

The second approach combines heparin and dihydro- 
ergotamine (DHE), a potent vasoconstrictor that appears 
to act on the capacitance vessels of the limbs to increase 
venous blood flow. DHE also increases prostaglandin 
synthesis and may thus affect platelet function. Further- 
more, DHE may increase fibrinolytic activity through 
increased release of plasminogen. Numerous randomized 
clinical trials of this combination have shown that the 
addition of DHE reduces by a further 50% the already 
reduced incidence of DVT in heparin-treated patients. 

Low-molecular-weight heparin: [nhibition of plasma 
factor Xa by heparin increases with the drug’s decreasing 
molecular weight. Several studies have evaluated the use 
of low-molecular-weight heparin to prevent DVT. In 1 
such study, DVT developed in 7.5% of the patients receiv- 
ing 5,000 APTT units of unfractionated heparin twice 
daily, and in only 2.5% of those receiving 1,850 APTT 
units of low-molecular-weight heparin. No significant 
differences were observed between the 2 groups in blood 
loss, postoperative drainage or formation of wound hema- 
toma. Similar results have now been reported in 15 other 
studies. 

Risk of hemorrhage: Hemorrhage risk is the main 
limitation of routine use of subcutaneous anticoagulants 
for DVT prophylaxis in surgically treated patients. The 
frequency of wound hematoma formation is a criterion 
for evaluating the risk of bleeding. Studies that have 
evaluated it have shown a higher risk during an 8-hour 
regimen, but not during a 12-hour regimen. !620-22 

A higher incidence of bleeding has been observed in 
some United States studies. This greater bleeding proba- 
bly occurs because heparin in the United States is cali- 
brated to the USP unit, which is 6 to 7% more potent than 
the international unit used by European manufacturers. 
Another possible reason for excessive bleeding is the use 
of multidose vials, which can lead to accidental overdo- 
sage. (Ampules of 5,000 units made for prophylactic use 
are now available.) Furthermore, sodium and calcium 
salts of heparin behave differently, with significantly less 
ecchymosis at the site of injection when calcium salts are 
used. 

The risk of bleeding is minimized by careful patient 
selection, recognizing coexistent systemic or local abnor- 





malities, and avoiding other drugs that cause bleeding. 
Contraindications to heparin prophylaxis include hemor- 
rhagic disease, endocarditis, ulcers of internal organs, 
damage to the renal parenchyma, or hypertension 
(>200/120 mm Hg). Patients undergoing eye or central 
nervous system surgery, or in whom spinal anesthetics 
will be used, should not receive heparin prophylaxis. 

Cautions pertaining to the risk of hemorrhage with 
subcutaneous heparin and the contraindications to its 
administration are summaried in Table I. 

Semisynthetic heparin analog: A semisynthetic ana- 
log of heparin isolated from the respiratory tract of cattle 
has been shown to be approximately 3 times more active 
than heparin in potentiating anti-Xa factor in vivo.*?--* 
Parenteral injection releases anti-Xa and lipoprotein li- 
pase activity and platelet factor 4 antigen.” It has been 
suggested that the analog may act primarily by releasing 
heparin sulfate, present on endothelial cell surfaces. 

In a comparative study”® of 200 patients older than 
age 40 years undergoing abdominal surgery, DVT devel- 
oped in 12.5% of the group receiving heparin, compared 
with only 6.3% of those receiving the synthetic. Bleeding 
was not significantly different between the 2 groups. 


DEEP VEIN THROMBOSIS IN PATIENTS WITH 
ACUTE MYOCARDIAL INFARCTION 

The incidence of DVT in patients with acute MI 
ranges from 17 to 38%, similar to the incidence in surgi- 
cally treated patients. The incidence is higher in patients 
with heart failure and those with shock and prolonged 
immobility and is probably also higher in older patients. 

In 1 trial, clinically obvious PE occurred in 5% of 


patients who were not treated with anticoagulants.” In 3 
randomized trials, low-dose heparin begun within 12 to 
18 hours of the onset of symptoms of myocardial infarc- 
tion, and continued for about 10 days, reduced the inci- 
dence of DVT to 4%, compared with 23% in untreated 


controls.2° 3° 


Early mobilization is the main tactic for preventing 
DVT and PE in patients with acute myocardial infarc- 
tion. High-risk patients (older than age 70 years, with 
large infarctions, previous history of myocardial infarc- 
tion, in heart failure or shock, or requiring more than 3 
days’ immobilization) should receive immediate low-dose 
heparin followed by warfarin maintenance therapy. 


TREATMENT OF DEEP VEIN THROMBOSIS 

The treatment of DVT should prevent extension of the 
thrombus, prevent PE, and protect against the postphle- 
bitic syndrome. Anticoagulant therapy with heparin fol- 
lowed by warfarin, with or without compression stock- 
ings, is warranted in patients with thrombi extending 
above the popliteal vein and in symptomatic calf-vein 
thrombosis. 

Patients with superficial thrombophlebitis do not re- 
quire anticoagulant therapy; they can usually be treated 
effectively with nonsteroidal anti-inflammatory drugs. 

Heparin therapy is generally maintained for 7 to 10 
days. A shorter course may be sufficient in patients with a 
remediable thrombus-provoking factor; but patients with 
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TABLE I Heparin Complications and Contraindications 


Hemorrhage main complication 

United States heparin 6 to 7% more potent than European 

Multidose vials increase risk of overdose 

Less ecchymosis when calcium salt of heparin used 

Contraindicated for: hemorrhagic disease, endocarditis, internal 
organ ulcers, damaged renal parenchyma, 
hypertension (>200/120 mm Hg) 

Contraindicated in eye or central nervous system surgery, and with 
use of spinal anesthetics 


TABLE Il Incidence of Hemorrhagic Complication Correlated 
with Intensity of Warfarin Therapy 


PT 1.5-2.0 X control: 22% of warfarin patients 
PT 1.25 X control: 4% of warfarin patients 


PT = prothrombin time. 


TABLE Ill Recommendations for the Treatment of 
Pulmonary Embolism 


Treat immediately with heparin 

Warfarin maintenance 

Massive emboli, right-sided cardiac failure, hypotension 
require fibrinolytic therapy 


large thrombi or a persistent predisposing factor, such as 
cancer, may require a longer course of heparin to inter- 
rupt the thrombotic process. 

To prevent recurrence of thrombosis after heparin 
therapy, continued full anticoagulation is needed. Oral 
warfarin is the drug of choice because of its superior 
effectiveness, and because oral administration is more 
convenient for the patient. In a prospective randomized 
study,*! a 47% recurrence rate of DVT was observed 
within 3 months of proximal DVT diagnosis in patients 
receiving low-dose subcutaneous heparin, compared with 
no recurrence in the warfarin group. Although 3 months 
of oral anticoagulant therapy is generally recommended 
for uncomplicated venous thromboembolism or calf-vein 
thrombosis, patients with a persistent thrombotic predis- 
position or recurrent thrombosis may require up to 1 year 
of warfarin therapy. 

In the past, the optimal therapeutic range of warfarin 
was based on a prothrombin time of 1.5 to 2.5 times the 
control value. However, early studies had been based on 
reagents with varying responsiveness to reduction in vita- 
min K-dependent coagulation factors. 

In a randomized trial, Hull et alè? compared the anti- 
coagulant effectiveness and degree of bleeding caused by 
warfarin when the prothrombin time was maintained at 
1.5 to 2.0 vs 1.25 times control. Hemorrhagic complica- 
tions occurred in 22% of the higher-intensity group, com- 
pared with only 4% in the 1.25 times control group (Table 
IT). 


TREATMENT OF PULMONARY EMBOLISM 


Recommended therapy for PE is summarized in Ta- 
ble II. Therapy for PE is generally the same as that for 
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DVT—immediate anticoagulation with heparin followed 
by warfarin maintenance. However, massive embolism, 
right-sided cardiac failure and hypotension are associated 
with a 30 to 40% hospital mortality rate and may require 
fibrinolytic therapy with urokinase or streptokinase. 
There is some evidence that these agents improve pulmo- 
nary perfusion, clot resolution and hemodynamic status, 
and also reduce the incidence of long-term effects. These 
agents are clearly indicated in patients who are severely 
compromised hemodynamically. However, their use in 
less severe cases must be weighed against their inconve- 
nience and risks. 
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Overview: Moricizine— Can It 
Meet the Challenge? 


Joel Morganroth, MD, and J. Thomas Bigger, Jr., MD 


assess their management of patients with ventricu- 

lar arrhythmias because of the unexpected prelimi- 
nary findings reported from the Cardiac Arrhythmia 
Suppression Trial (CAST). Two drugs, encainide and 
flecainide, that were the most effective and best tolerated 
by patients with potentially malignant ventricular ar- 
rhythmias, are associated with a substantial increase in 
mortality in such patients after myocardial infarction. 
This surprising finding challenges prior concepts and rec- 
ommendations in the use of antiarrhythmic drugs and 
substantially raises the stakes in the risk/benefit assess- 
ment of such therapy. 

How will moricizine hydrochloride, a non “IC agent,” 
which is one of the next drugs slated for approval in the 
United States, meet these challenges? Moricizine is a 
phenothiazine derivative synthesized in the Soviet Union 
in 1964. Du Pont licensed moricizine and began clinical 
trials in the mid-1970s pursuing only the indication for 
treatment of ventricular arrhythmias. Moricizine is a 
Vaughn Williams class I agent with a novel electrophysi- 


S ince April 1989, clinicians have been forced to re- 


ologic profile. It undergoes rapid first-pass metabolism 
and has several active metabolites with long duration of 
actions. Moricizine is as effective as quinidine in sup- 


pressing spontaneous ventricular ectopy and unsustained 


ventricular tachycardia and more effective than propran- 
olol and disopyramide, but less potent than encainide and 
flecainide. 

Moricizine renders about 20% of patients with induci- 
ble sustained ventricular tachycardia noninducible com- 
parable to most class I agents. Its most attractive features 
are its low rate of inducing proarrhythmia or congestive 
heart failure in all patient groups. Patients taking morici- 
zine have a low rate of discontinuation from therapy 
because of noncardiac side effects. When discontinuation 
of therapy does occur, the principal symptoms are dizzi- 
ness and nausea. Antiarrhythmic efficacy is maintained 
long-term in patients with or without left ventricular dys- 
function. 

Moricizine’s unique electrophysiologic profile, rea- 
sonable efficacy, excellent tolerance profile and conve- 
nient dose schedule: (3 to 2 times daily) makes it an 
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attractive new antiarrhythmic drug. However, in the af- 
termath of the CAST our primary concern for any agent 
is its long-term safety. Fortunately, moricizine to date in 
the CAST has not raised any safety concerns. Its continu- 
ation in the CAST will uniquely provide us with enough 
long-term mortality data to establish its safety to an un- 
precedented degree. 

In January 1989, the Food and Drug Administration’s 
Cardiovascular and Renal Drugs Advisory Board recom- 
mended moricizine’s approval for sustained ventricular 
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tachycardia and symptomatic ventricular arrhythmias. It 
may well be that moricizine deserves consideration as 
first-line use for sustained ventricular tachycardia, and 
just after 6-blocking therapy in the algorithm for drug 
selection in patients with debilitating symptoms from be- 
nign or potentially malignant ventricular arrhythmias. 
Availability of moricizine and data from ongoing studies 
will further define its role relative to other antiarrhythmic 
drugs. 





Implications of the Cardiac Arrhythmia 
Suppression Trial for Antiarrhythmic 
Drug Treatment 


J. Thomas Bigger, Jr., MD 


The Cardiac Arrhythmia Suppression Trial (CAST) 
is a randomized, placebo-controlled, double-blind, 
multicenter clinical trial involving 27 centers and 
more than 100 hospitals in North America and Eu- 
rope to test the 1-tailed hypothesis that suppres- 
sion of ventricular arrhythmias in patients with left 
ventricular dysfunction after myocardial infarction 
will reduce arrhythmic death. Since April 18, 1989, 
the CAST is enrolling patients aged <80 years with 
>6 ventricular premature complexes and left ven- 
tricular ejection fraction <40%. Sustained ventric- 
ular tachycardia, class IV congestive heart failure 
or class IV angina pectoris are exclusion criteria. 
During a prerandomization period, antiarrhythmic 
drugs are titrated to suppress ventricular arrhyth- 
mias. If >80% suppression is achieved during 
open-label titration, patients are randomized to the 
effective dose or to a matched placebo. If only par- 
tial suppression (1 to 79%) is achieved, patients 
are eligible for a substudy that randomizes them to 
the best dose found during open-label titration or to 
placebo. The only patients not randomized to treat- 
ment are those with increased arrhythmias or drug 
intolerance during titration. On April 18, 1989, en- 
cainide and flecainide were removed from the 
CAST because these drugs increased the death 
rate 2.5-fold. There were no imbalances in baseline 
risk variables between the encainide /flecainide 
group and the placebo group that might explain the 
adverse treatment effect. There was remarkable 
uniformity of the adverse effect across all sub- 
groups. There were no subgroups that benefited 
from treatment; all were either harmed or not eval- 
uable. Moricizine was continued in the CAST be- 
cause it has a significant chance of showing bene- 
fit. The CAST still has the opportunity to make a 
major impact on the future management of asymp- 
tomatic or minimally symptomatic ventricular 
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arrhythmias after myocardial infarction by deter- 
mining whether prophylaxis or treatment of symp- 
tomatic arrhythmias is the appropriate approach. 
Enrollment for the CAST is actively underway and 
physicians are encouraged to recommend participa- 
tion. 

(Am J Cardiol 1990;65:3D-10D) 


tion about a drug near the time of its launch to pro- 

vide a critical mass of authoritative information in one 
readily accessible place. Our review of moricizine in this 
symposium is complicated by the fact that concepts about 
antiarrhythmic drugs are changing rapidly as a result of 
preliminary findings for encainide and flecainide in the 
Cardiac Arrhythmia Suppression Trial (CAST). Before 
we begin the review of the important information learned 
about moricizine during its long development period, it 
will be useful to review the CAST preliminary results and 
their implications for clinical practice and to have some 
general discussion about the impact of the preliminary 
CAST results on future antiarrhythmic drug use and 
development. 

On August 10, 1989, the preliminary findings of the 
CAST were published in The New England Journal of 
Medicine.' The results were terse and factual. In the 
same issue of the journal, an editorial by Ruskin? dis- 
cussed the implications of the findings. Since that time, 
there have been a number of meetings to discuss the 
CAST preliminary results. The Working Group on Ar- 
rhythmias of the European Society of Cardiology met on 
October 1 and 2, 1989, in Sardinia. Representatives from 
the common market countries met with a group of 6 
American arrhythmia experts to discuss the implications 
of the CAST results. Two CAST investigators, Thomas 
Bigger and Raymond Woosley, were invited to provide 
information for the participants. The conclusions by the 
Working Group on Arrhythmias about the CAST results 
will be published jointly in The European Journal of 
Cardiology and in Circulation. The Food and Drug Ad- 
ministration (FDA) had a session on October 5 to review 
CAST results and discuss their implications for drug 
development. The opinion of the Cardiovascular and Re- 
nal Drugs Advisory Board to the FDA was summarized 
by Pratt et al.? The National Institutes of Health is con- 
ducting a workshop in January 1990 to review the CAST 
findings and discuss how to use them as a platform for 


| is useful to publish a body of accumulated informa- 
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TABLE I Determinants of Sample Size for CAST 


3 years 

11% per 3 years 

30% reduction in arrhythmic death 
0.025 1-tail hypothesis 

0.15 

30% (20% in first year, then 5% per year) 
6% (2% per year) 


Average follow up 
Arrhythmic death 
Treatment effect 
Type | (a) error 
Type II (8) error 
Drop-out rate 
Drop-in rate 


CAST = Cardiac Arrhythmia Suppression Trial. 


future institute- or investigator-initiated research. Also, 
the CAST investigators and the sponsors of encainide and 
flecainide have continued to analyze the CAST data base 
to gain a better understanding of the preliminary find- 
ings. 

What is the principal objective of the CAST? The 
CAST is a randomized, placebo-controlled, double-blind, 
international, multicenter clinical trial that began enroll- 
ment in June 1987 to test the 1-tailed hypothesis that 
suppression of ventricular arrhythmias after myocardial 
infarction with long-term antiarrhythmic drug treatment 
will reduce arrhythmic death by 30% or more.! Twenty- 
seven centers and more than 100 hospitals in 3 countries, 
the United States, Canada and Sweden, are participat- 
ing. Enrollment will continue for 3 or 4 years (from 1987 
to 1991) and follow-up for 2 to 5 years (until 1994). 

Who is eligible for the CAST? Before April 18, 1989, 
survivors of myocardial infarction who were aged <80 
years and had 26 ventricular premature complexes per 
hour on a 24-hour continuous electrocardiographic re- 
cording obtained between 6 days and 2 years after myo- 
cardial infarction were eligible for the CAST. For pa- 
tients enrolled between 6 and 90 days after infarction, a 
left ventricular ejection fraction <55% was required; for 
patients enrolled 290 days after the onset of myocardial 
infarction, left ventricular ejection fraction <40% was 
required. After April 18, 1989, the enrollment window 
was restricted to within 90 days and left ventricular ejec- 
tion fraction criterion was reduced to <40%. 

What was the rationale for the two ejection fraction 
criteria? The purpose of 2 ejection fraction criteria was 
to equalize the risk of death early and late after myocar- 
dial infarction. In the Cardiac Arrhythmia Pilot Study 
(CAPS), which had a 6- to 60-day enrollment window, it 
was found that the incidence of death or sustained ar- 
rhythmic events was very low in patients with left ventric- 
ular ejection fractions 255% (i.e., the upper quartile of 
the ejection fraction distribution). Therefore, it was de- 
cided to exclude patients with left ventricular ejection 
fractions 255% in the 6- to 90-day window, as having an 
overall risk of arrhythmic events too low to achieve a risk / 
benefit ratio sufficient to enroll in the CAST. For patients 
enrolled from 90 days to 2 years after infarction, left 
ventricular ejection fraction ceiling was set at 40% in 
order to match the expected event rates between patients 
enrolled early (6 to 90 days) and late (90 days to 2 years) 
after myocardial infarction. This strategy worked very 
well. The patients enrolled before and after 90 days had 
almost identical mortality rates. 
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Who is excluded from the CAST? Patients with sus- 
tained ventricular tachycardia are excluded from the 
CAST. Also, patients are excluded who, at the time of 
enrollment, have New York Heart Association class [V 
congestive heart failure or Canadian cardiovascular class 
IV angina pectoris. 

What is the design of the CAST? The design of the 
CAST is uniquely suitable for testing the 1-tailed sup- 
pression hypothesis (see Fig. 1). The original parameters 
for the CAST sample size computation are given in Table 
I. During an open-label drug treatment period, suppres- 
sion of ventricular arrhythmias is sought by titrating anti- 
arrhythmic drugs. If 280% suppression of ventricular 
premature complexes is achieved during open-label titra- 
tion and the effective drug is well tolerated, patients are 
randomized in the main study to the therapy found dur- 
ing open-label titration or to a matched placebo. If partial 
suppression (1 to 79%) is achieved, patients are eligible 
for a substudy that randomizes them to the best therapy 
found during open-label titration or to a matching place- 
bo. Patients who have an increase in frequency of ventric- 
ular premature complexes, cannot tolerate any of the 
drugs, die, or decide to discontinue treatment are the only 
ones not randomized to treatment. As of April 18, 1989, 
the last day encainide and flecainide were in the CAST, 
76% of those who signed a consent form were randomized 
to the main study, 6% were randomized to the substudy 
for those who had partial suppression, and 18% were not 
randomized (Fig. 1). 

How was open-label drug/dose titration conducted? 
Before April 18, 1989, 3 active drugs were used in a 
number of randomly assigned sequences (Fig. 2). For 
patients with an ejection fraction 230%, the sequence 
contained all 3 drugs. For patients with left ventricular 
ejection fraction <30%, only 2 drugs, encainide and mori- 
cizine, were administered. Patients were randomly as- 
signed to start therapy with encainide or moricizine first. 
Each drug had 2 dose levels (see Table II), the same as 
the 2 lower doses used in CAPS, and dosing always pro- 
ceeded from the low to the high dose. After April 18, 
1989, only moricizine remained in the CAST and, based 
on dose-response information from the Du Pont New 
Drug Application data base, a third dose (900 mg) was 
added to the titration sequence. 

How is randomization conducted? Before April 18, 
1989, randomization was stratified on: (1) clinical center; 
(2) left ventricular ejection fraction 230 or <30%; and 
(3) time of enrollment, 6 to 90 days or 290 days to 2 
years. Randomization to blinded treatment with drug or 
placebo began the main trial or the substudy for partially 
suppressed patients. After April 18, 1989, randomization 
was stratified only on enrolling center and ejection frac- 
tion since the enrolling window was shortened. 

Why were encainide and flecainide removed from 
CAST? The CAST protocol permits drugs to be removed 
from or added to the trial. On April 17, 1989, the Data 
and Safety Monitoring Board held its regular semiannual 
meeting, reviewed mortality data complete as of March 
30, 1989, and recommended that encainide and flecai- 
nide be removed from the CAST because it had become 





THE CARDIAC ARRHYTHMIA SUPPRESSION TRIAL 


Intolerant, Died, Increased arrhythmia, 
or still in titration as of 4/19/89 
18% 


| 


Drug/dose 


Case 
— Selection 
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1% -79% Suppression 
6% 
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Effective drug 38% 


280% Suppression mi 


Placebo 38% 


"Best" drug 3% 


Placebo 3% 


FIGURE 1. The design of the Cardiac Arrhythmia Suppression Trial (CAST). The numbers indicate the patient flow in the CAST 
up to the day encainide and flecainide were removed from the trial, i.e., April 18, 1989. 


virtually impossible to establish any beneficial effect from 
these drugs if they were continued to the end of study and 
because of strong evidence that these drugs increased the 
death rate compared with placebo. The Data and Safety 
Monitoring Board also recommended that moricizine be 
continued in the CAST because it still has a significant 
chance of showing benefit and that other antiarrhythmic 
drugs be reviewed as possible additions to the CAST. The 
National Heart, Lung, and Blood Institute accepted the 
recommendation that same day. On April 18, 1989, a 
message was sent to each CAST clinical center to discon- 
tinue treatment in all patients who had been assigned to 
encainide, flecainide, or their corresponding placebos. 
How much did encainide and flecainide increase the 
mortality rate in CAST? The data reviewed by the Data 
and Safety Monitoring Board on April 17, 1989, had a 
cutoff date of March 30, 1989. At that time, 730 patients 
had been randomized to encainide or flecainide and 725 
to a corresponding placebo.! With an average of about 
300 days of exposure to CAST treatment, there were 78 


deaths (n = 70) or nonfatal cardiac arrests (n = 8) in the 
group treated with encainide, flecainide, or with the cor- 
responding placebos (event rate 5.4%). Of the 78 events, 
54% were primary arrhythmic events. The primary end 
point for the trial, arrhythmic death or nonfatal cardiac 
arrest, was experienced by 4.5% of the patients random- 
ized to encainide or flecainide compared with 1.2% of the 
patients randomized to placebo. All of the 8 nonfatal 
cardiac arrests occurred in the active treatment group. 
Patients taking encainide or flecainide were 3.6 times as 
likely to experience arrhythmic death or nonfatal cardiac 
arrest as those treated with placebo. The chance of expe- 
riencing death of any cause or cardiac arrest was 7.7% in 
patients treated with encainide or flecainide compared 
with 3.0% for placebo, an increase in risk of 2.5. There 
was no difference for noncardiac deaths between the pla- 
cebo and active treatment groups. The mortality events 
up to April 18, 1989, when encainide and flecainide were 
removed from the CAST, are listed in Table III. At this 
time, the average exposure time was less than 1 year. The 
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FIGURE 2. The randomization scheme 
for the phase of the Cardiac Arrhyth- 
mia Suppression Trial (CAST) before 
encainide (ENC) and flecainide (FLE) 
were removed from the trial. LVEF = 
left ventricular ejection fraction; MOR 
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TABLE Il Doses of Drugs Used in CAST 
Dose (mg) 
High 


50 TID 
150 BID 
250 TID 


BID = 2 times a day; CAST = Cardiac Arrhythmia Suppression Trial; TID = 3 times a 
day. 


Encainide 
Flecainide 
Moricizine 


values in this table represent an update to those in the 
article in The New England Journal of Medicine. Ten 
additional deaths are recorded and some of the classifica- 
tions have changed. The overall result is, of course, un- 
changed. 

Could baseline differences at the time of randomiza- 
tion account for the higher mortality rate in the active 
treatment group than in the control group? There were 
no imbalances between the group treated with encainide 
or flecainide and the group treated with placebo with 
respect to baseline risk variables that might confound the 
apparent adverse treatment effect. Age, history of previ- 
ous infarction, angina pectoris, congestive heart failure, 
hypertension, diabetes, sustained arrhythmias, baseline 
left ventricular ejection fraction, ventricular arrhythmia 
frequency, electrocardiographic intervals, therapy in hos- 
pital and discharge medications all were closely matched 
in patients randomized to encainide or flecainide and 
those randomized to placebo. Also, almost 90% of the 
patients who died or experienced a nonfatal cardiac arrest 
were taking their assigned study medication at the time of 
the event. 

Did any subgroups benefit from encainide or flecai- 
nide treatment? The increase in death rate for patients 
treated with encainide or flecainide was observed consis- 
tently in the various subgroups within the study (i.e., 
there was no interaction between treatment and age, time 
from myocardial infarction to enrollment, left ventricular 
ejection fraction, baseline ventricular arrhythmia fre- 
quency, baseline QRS duration, or the use of digitalis, 
diuretics, 6 blockers or calcium channel blockers). The 
relative risk of dying or experiencing a nonfatal cardiac 
arrest was almost identical for both drugs (2.3 for encai- 
nide and 2.7 for flecainide), although the absolute mor- 
tality rate was lower for flecainide and its corresponding 


TABLE Ill Deaths and Cardiac Arrests in 1,498 Patients 
Randomized to Encainide /Flecainide or to Placebo (Before 
April 18, 1989) 


Encainide / 
Flecainide 
(n = 755) 


Placebo 
(n= 743) 


Arrhythmic or cardiac arrest 
Other cardiac death 

Noncardiac 

Total (deaths and cardiac arrest) 


Average exposure: encainide /flecainide, 302 days; placebo, 311 days. 
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placebo because patients with left ventricular ejection 
fraction <30% were not randomized to flecainide. Thus, 
there was remarkable uniformity of treatment effect 
across all subgroups. There were no subgroups that bene- 
fited from treatment; all were either harmed or not eval- 
uable. 

Why weren’t we aware of this adverse effect before? 
The CAST findings point out the need for large-scale 
controlled clinical trials for long-term safety assessment 
of drugs. The modest-sized controlled studies performed 
by drug companies before FDA approval usually do not 
have the power to detect a mortality effect, even one as 
large as that found in the CAST. Also, there is no way 
that the harmful effects of encainide and flecainide could 
be detected in uncontrolled clinical use because there is 
no comparison group in this setting. For the public safety, 
for our patients, and for physicians who treat patients we 
must have this kind of knowledge. There is only one way 
to get it and that’s controlled clinical trials. Not only are 
drug development programs too small to detect adverse 
effects on mortality, but also patients with recent myocar- 
dial infarction often are excluded from premarketing 
antiarrhythmic drug trials. 

Are there subgroups of patients with ventricular ar- 
rhythmias after myocardial infarction who might benefit 
from encainide or flecainide treatment? First, all pa- 
tients in the CAST who could be treated with antiar- 
rhythmic drugs were treated so that no subgroups were 
excluded. The CAST protocol simulates the way antiar- 
rhythmic drugs are used during conventional treatment 
of postinfarction ventricular arrhythmias. Patients with 
ventricular arrhythmia and left ventricular dysfunction 
were selected for treatment and those whose arrhythmias 
were suppressed by 21% were followed with treatment in 
the main study or the substudy for patients with partial 
suppression; 82% of the patients who had qualifying ar- 
rhythmias and were enrolled in the study were random- 
ized and treated. The only patients who were not treated 
and followed were those who died during titration, had no 
arrhythmia suppression, or could not tolerate any study 
drug and dose available in the titration strategy. It is 
unlikely that such patients could be treated in a practice 
setting. Second, there were no subgroups that benefited 
from treatment. Patients with higher mortality rates, e.g., 
older patients, patients with severely depressed left ven- 
tricular function, and those with higher arrhythmia fre- 
quency or complexity were harmed as much as groups 
with lower mortality rates. Therefore, the CAST results 
are relevant to clinical practice and there are no groups 
that seem to have a chance of benefit from treatment with 
encainide or flecainide. 

What is the mechanism of the increased mortality in 
postinfarction patients treated with encainide or flecai- 
nide? The mechanism of the increased mortality in the 
patients treated with encainide or flecainide in the CAST 
is not known. Ruskin? speculated that the deaths might 
be due to aggravation of ventricular arrhythmias. The 
higher relative risk in the encainide/flecainide group for 
sudden cardiac death/cardiac arrest than for total or 





noncardiac death suggests that arrhythmic deaths were 
increased by treatment with these 2 drugs.'! However, 
several features of the mortality findings in the CAST are 
different from those previously described for proarrhyth- 
mic effects. First, the increased mortality occurred de- 
spite marked suppression in the frequency of ventricular 
premature complexes and episodes of unsustained ven- 
tricular tachycardia. Second, the survival curves for pa- 
tients treated with encainide/flecainide and the corre- 
sponding placebo group continue to separate over the 300 
days of follow-up reported by CAST.! Current concepts 
of proarrhythmia predict that the frequency of ventricu- 
lar premature complexes and unsustained ventricular 
tachycardia will increase when patients experience proar- 
rhythmia.*> Also, proarrhythmic events are expected to 
concentrate in the first 30 to 60 days after starting treat- 
ment.®-8 Current concepts about proarrhythmia may be 
incomplete and biased by what is easy to observe and 
recognize. Encainide or flecainide might exert their ad- 
verse effect on mortality by: (1) making sustained, reen- 
trant ventricular arrhythmias more likely by increasing 
the relative infarct size, (2) depressing left ventricular 
function, (3) increasing ischemia, or (4) increasing the 
likelihood of fatal ventricular arrhythmias during isch- 
emia or periods of increased sympathetic nervous system 
activity. 

Flecainide can cause inducible, sustained ventricular 
arrhythmia in dogs that have subacute myocardial infarc- 
tion but are not inducible without the drug.?:!° Flecai- 
nide slows conduction around infarcted tissue so that the 
conduction path is lengthened and sustained ventricu- 
lar tachycardia is easier to induce.'! Also, flecainide does 
not increase the electrical ventricular fibrillation thresh- 
old.!? 

Flecainide has been noted to aggravate left ventricular 
dysfunction, especially in patients with preexisting con- 
gestive heart failure or in those with left ventricular ejec- 
tion fraction <30%, or both.!? More recently, encainide 
has also been implicated.!+!> Encainide and flecainide 
could increase mortality by aggravating left ventricular 
dysfunction per se. Also, these drugs could increase myo- 
cardial ischemia and the likelihood of sudden cardiac 
death by depressing left ventricular function and thereby 
increasing myocardial oxygen demand. 

Encainide and flecainide could increase the likelihood 
of malignant ventricular arrhythmias during myocardial 
ischemia. Flecainide increases the probability of ventricu- 
lar fibrillation during ischemia in dogs with previous 
myocardial infarction.'®'! In the same model, 6-adrener- 
gic blocking drugs (class II action) and amiodarone or 
sotalol (class III action) were protective (i.e., the model 
discriminates among antiarrhythmic drugs.!®!8) The ef- 
fect of encainide or flecainide treatment on the likelihood 
of ventricular fibrillation during increased sympathetic 
nervous activity in animals with previous myocardial in- 
farction has not been explored. Recent reports of sus- 
tained ventricular tachycardia or ventricular fibrillation 
occurring during exercise testing during treatment with 
encainide or flecainide suggest an interaction with exer- 


cise variables, e.g., heart rate, ischemia, or increased sym- 
pathetic nervous system activity, that can provoke malig- 
nant ventricular arrhythmias. !4!>-!9.2 

Our working hypothesis to explain the increased mor- 
tality in the CAST encainide/flecainide groups is an ad- 
verse interaction between these drugs and myocardial 
ischemia that promotes ventricular fibrillation. Some of 
the encainide/flecainide associated deaths may be due to 
ventricular tachycardia promoted by drug-induced con- 
duction slowing. It appears unlikely that the latter mech- 
anism accounts for many of the drug-associated deaths. 
Otherwise, there should have been a higher relative risk 
of nonfatal, sustained ventricular tachycardia in the en- 
cainide/flecainide treated groups. 

Do the CAST results apply to other drugs with class I 
antiarrhythmic action? May et al?! and Furberg”? re- 
viewed clinical trials of antiarrhythmic drug therapy af- 
ter myocardial infarction when 100 or more patients were 
studied, patients were randomized to treatment or control 
groups, and all-cause mortality was reported. No overall 
trend suggesting benefit was found in 8 long-term postin- 
farction antiarrhythmic drug trials, 6 of which studied 
antiarrhythmic drugs with class IB action (i.e., pheny- 
toin, tocainide or mexiletine) and 2 others that studied 
aprindine. Three of the studies had almost identical mor- 
tality rates in the control and active treatment groups, 3 
studies showed a mortality rate that was 32 to 58% higher 
in the group treated with antiarrhythmic drugs, and the 2 
aprindine studies, which only enrolled patients who had 
ventricular arrhythmias and attempted to suppress ven- 
tricular arrhythmias by dose ranging, showed a 40 and 
23% lower mortality rate in the aprindine-treated pa- 
tients.2!22 The results of these 8 small studies fail to 
suggest any benefit of treatment with antiarrhythmic 
drugs in unselected patients after myocardial infarction. 
Hine et al? performed a meta-analysis of these studies 
and found a statistically significant increase in mortality 
rate. The overall odds ratio for patients dying with active 
treatment vs placebo was 1.38 (95% confidence interval 
1.09 to 1.74). These workers concluded that treatment of 
unselected patients at moderate risk of sudden cardiac 
death after myocardial infarction with drugs that have 
class I antiarrhythmic action is unwarranted. Recently, 
Coplen et al?4 conducted a meta-analysis of 6 trials that 
evaluated the safety and efficacy of quinidine for main- 
taining sinus rhythm after cardioversion for chronic atrial 
fibrillation. Although the probability of sustaining sinus 
rhythm for a year was doubled in the quinidine-treated 
group (50 vs 25%), the probability of dying was quadru- 
pled in the quinidine-treated group (2.7 vs 0.6%). Al- 
though only about 16% of the 800 patients evaluated had 
coronary heart disease, 88% had structural heart disease 
of some kind. Thus, there are discouraging results for 
antiarrhythmic drugs with class IA, IB and IC action. 
The only encouraging results are for aprindine and mori- 
cizine, 2 drugs with class I action but with other special 
features. By virtue of use in the CAPS and CAST, mori- 
cizine has the largest body of controlled safety informa- 
tion of any drug with class I action for use against ventric- 
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ular arrhythmias after myocardial infarction. With what 
is currently known, it would not be prudent to treat 
asymptomatic or minimally symptomatic ventricular ar- 
rhythmias after myocardial infarction with any conven- 
tional drugs with class I antiarrhythmic action. 

What about drugs with other classes of antiarrhyth- 
mic action? Drugs with class II antiarrhythmic action (6 
blockade) have been shown to reduce arrhythmias after 
myocardial infarction and to decrease mortality.” The 
effect on mortality is larger in patients who have arrhyth- 
mias or left ventricular dysfunction before treatment, and 
arrhythmic or sudden death is reduced more strikingly 
than total mortality. The effect of drugs with class III 
antiarrhythmic action (those that prolong cardiac action 
potentials) on patients with postinfarction ventricular ar- 
rhythmias and mortality is not known. Several clinical 
trials are underway to determine whether amiodarone 
will improve survival after myocardial infarction. Drugs 
with class IV antiarrhythmic action (those that block 
calcium channels) have no significant effect on spontane- 
ous ventricular arrhythmias after myocardial infarction~® 
and no effect on mortality.?’ 

Do the CAST results apply to other populations as 
well? The overall mortality effect of encainide and flecai- 
nide was about the same early and late after infarction so 
that their adverse effect is not restricted to the healing 
period after myocardial infarction. However, previous 
infarction may be necessary for the adverse effect of 
encainide and flecainide to express itself. If so, the find- 
ings in the CAST do not necessarily apply to other groups 
of patients with heart disease. The European view is that 
the CAST results should not be extrapolated beyond the 
population actually studied in the CAST.28 The Ameri- 
can view is that the closer a patient is to those studied in 
the CAST, the greater the concern when considering the 
use of class I antiarrhythmic drugs. The risk/benefit ratio 
should be considered carefully in patients with structural 
heart disease and ventricular arrhythmias. Most physi- 
cians in the United States and in Europe believe that 
patients with supraventricular arrhythmias who do not 
have structural heart disease are sufficiently different 
from those in the CAST to have a lower level of concern 
even though encainide and flecainide have not been 
proved safe in these patients. On October 6, the Cardio- 
vascular and Renal Drugs Advisory Board to the FDA 
recommended approval of flecainide for this use. 

Has the problem of sudden cardiac death after myo- 
cardial infarction gone away? The most recent data 
available indicate that changes in conventional treatment 
have not changed the significance of ventricular arrhyth- 
mias after myocardial infarction.?? Ventricular arrhyth- 
mias still double the risk of dying within 2 years of myo- 
cardial infarction after adjusting for left ventricular dys- 
function and other variables.*°-34 It would be reasonable 
to expect widespread efforts to achieve reperfusion of 
ischemic myocardium early in the course of myocardial 
infarction to decrease the prevalence of left ventricular 
dysfunction and ventricular arrhythmias. However, it is 
unlikely that these measures will alter the relation be- 
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tween left ventricular dysfunction and ventricular ar- 
rhythmias with increased mortality rates. 

What will be the public health impact of the CAST? 
Recent surveys suggest that about half of the patients like 
those recruited for the CAST were treated with antiar- 
rhythmic drugs with class I action.?536 Until the prelimi- 
nary CAST results were available, the fastest growing 
segment of the antiarrhythmic drug market was the 
drugs with class IC action. When the results of the CAST 
have been adequately communicated to practitioners, a 
marked reduction in the use of drugs with class I antiar- 
rhythmic action should be seen in patients with postin- 
farction ventricular arrhythmias and a corresponding in- 
crease in the use of 8 blockers. If this prediction is correct, 
we can expect the changes in medical practice as a result 
of the CAST to save several thousand lives per year. The 
CAST results will stimulate a thorough reexamination of 
the safety standards for all drugs. We are likely to see 
guidelines for drug development that give more emphasis 
to the assessment of mortality as an end point. If so, the 
cost of drug development will go up and new models for 
safety assessment and new cost-sharing arrangements are 
likely to emerge. In the future, we will demand stronger 
safety standards for drugs and we will have to find new 
ways to conduct or to fund safety assessment in order to 
make more stringent safety assessment feasible. 

Why was the mortality rate so low in the placebo 
group in the main trial? The possible reasons for the low 
mortality rate were given in the CAST article appearing 
in the The New England Journal of Medicine on August 
10, 1989. New conventional treatments, e.g., thromboly- 
sis and angioplasty, might lower the mortality rate sub- 
stantially. This factor should affect the number of eligible 
patients more than the mortality rate of those who are 
eligible. The sickest patients were not enrolled. This is 
probably not the case (read later). The follow-up was 
short, i.e., an average of 10 months. Nonsudden deaths 
predominate early, sudden deaths occur proportionately 
more frequently later.** This accounts for some, but cer- 
tainly not all, of the low mortality in the placebo group. A 
positive response to an antiarrhythmic drug selects low- 
risk patients. In considering all patients who signed a 
CAST consent form, the 1-year total mortality rate was 
about 8% which is only slightly less than the anticipated 
rate. This figure subtracts the deaths attributable to drug. 
This is a minimum figure because the mortality status has 
not been determined for about 40% of the group that was 
not randomized either to the main study or to the sub- 
study for patients whose arrhythmia was partially sup- 
pressed. These figures suggest that the main reason for 
the low mortality rate in the placebo group in the main 
trial is that patients who started titration but were not 
randomized had a much higher mortality than those who 
tolerated the drugs well, were suppressed, and were ran- 
domized. Patients whose ventricular arrhythmias were 
suppressed during open-label titration had a lower mor- 
tality rate than those whose ventricular arrhythmias were 
not suppressed even though treatment was withdrawn 
after titration. Thus, suppression of ventricular arrhyth- 





mias may be identifying a patient characteristic as much 
as identifying an effective drug.*’ The CAST protocol 
mimics clinical practice closely, and everybody who could 
be treated was treated. During titration, the sickest peo- 
ple died, did not have suppression or had increases in 
arrhythmia, or had pulmonary edema or some other ad- 
verse effect that prompted their doctor to discontinue 
treatment. These same events would cause treatment to 
be discontinued in conventional clinical practice. 

Why wasn’t the CAST stopped altogether; what is 
happening now? First, the Data, Safety and Monitoring 
Board, the only group who has seen the moricizne data, 
recommended in the strongest terms that moricizine 
should be continued in the CAST even though encainide 
and flecainide should be removed. Evidently, there were 
striking differences between moricizine and the other 
drugs. Moricizine is worthy of further testing and it seems 
unlikely that moricizine will be harmful. But consider the 
difference in the future of clinical practice and of drug 
development by industry with 2 different possible out- 
comes. If results show that when moricizine suppresses 
arrhythmias it improves survival, it will be used to treat 
asymptomatic ventricular arrhythmias after myocardial 
infarction. The market for antiarrhythmic drugs will ex- 
pand substantially. Such a finding also will encourage the 
drug industry to search for other chemical entities with 
class I antiarrhythmic action that not only improve sur- 
vival but also have other advantages, e.g., once-a-day 
dosing and less noncardiac adverse effects. If results show 
that when moricizine suppresses arrhythmias it has no 
effect on survival, the drug will be used only to treat 
symptomatic ventricular arrhythmias, a much smaller 
market. However, moricizine can be used with confidence 
that no harm is being caused while controlling symptoms. 
This outcome will provide much less incentive for the 
American drug industry to develop new drugs to treat 
ventricular arrhythmias. The importance of substantial 
suppression vs mere treatment of the arrhythmia can be 
assessed by comparing the active treatment groups in the 
main study and in the substudy for patients who have 
partial suppression. Also, comparing the placebo groups 
in the main study with the substudy for patients with 
partial suppression will establish the prognostic signifi- 
cance of suppression during titration. With the informa- 
tion available, it seems that patients whose arrhythmias 
can be suppressed during titration with antiarrhythmic 
drugs have a better survival experience than patients 
whose arrhythmias are not suppressed even when drug 
treatment is discontinued after titration. These findings 
indicate that suppressibility is an important prognostic 
indicator. 

There are many important questions left that can be 
answered by the CAST. The protocol has been changed: 
encainide and flecainide were removed, the qualifying 
ejection fraction was reduced to 40%, the enrolling win- 
dow was shortened to 6 to 90 days, and a third dose of 
moricizine, 900 mg/day, was added. These measures 
should lead to a higher risk group being enrolled and safer 
treatment. The CAST is enrolling actively and asks phy- 
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sicians for support by encouraging their patients with 
postinfarction ventricular arrhythmias to participate. 
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Clinical Development of Moricizine as an 
Antiarrhythmic Agent 


Sara Armstrong Mahler, MD, and R. Michael Borland, MD, PhD 


The primary development of moricizine as an anti- 
arrhythmic agent has occurred in the Soviet Union 
and the United States. The data in this presentation 
are based on the 1,844 subjects/patients (1,817 
adults and 27 pediatric patients) who participated 
in 34 controlled studies and 3 uncontrolled compas- 
sionate-use programs conducted in the United 
States. Of the 1,817 adults, 443 received only pla- 
cebo or comparative agents and 1,374 received 
moricizine in daily doses of 50 to 1,800 mg. 

A total of 1,190 adult patients (mean age 59 
years) had ventricular arrhythmias classified as ei- 
ther benign (8%), potentially lethal (58%) or lethal 
(33%). Most patients had a history of >1 cardio- 
vascular disease, including coronary artery disease, 
previous myocardial infarction and congestive heart 
failure. 

Antiarrhythmic activity was assessed by four 
methods: 24-hour ambulatory electrocardiographic 
monitoring, programmed electrical stimulation, ex- 
ercise tolerance tests, and global evaluation (only 
for some patients in the compassionate-use pro- 
gram). In addition, the effects of moricizine on 
symptoms associated with ventricular arrhythmias 
were assessed. 

The safety variables evaluated included adverse 
experiences, proarrhythmia, congestive heart fail- 
ure, other cardiovascular effects, death, chest x- 
ray, ophthalmic examinations, neuroleptic pheno- 
thiazine effects and clinical laboratory tests. 

(Am J Cardiol 1990;65:11D-14D) 
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mic agent has occurred mainly in 2 countries, the 

Soviet Union and the United States, during a 25- 
year period. Moricizine was synthesized in 1964 and ini- 
tially evaluated (preclinically and clinically) in the Soviet 
Union where oral, intravenous and intramuscular formu- 
lations have been in general use since 1971.!? Du Pont 
Pharmaceuticals licensed moricizine from the Soviet 
Union and initiated additional preclinical studies in 1974. 
In 1976, the clinical program with the oral formulation 
began in the United States. The clinical development was 
interrupted on 2 occasions because of preclinical findings. 
The first occurred in 1978 when there were unexplained 
monkey deaths which were later determined to be the 
result of a dosing procedure error. The second was in 
1982, due to the presence of proliferative rat liver changes 
which were subsequently classified as hyperplastic nod- 
ules. The clinical data developed in the United States 
(plus 1 Canadian site) and submitted in the New Drug 
Application in 1987 are reviewed in this report. 


[Ts development of moricizine as an antiarrhyth- 


METHODS 

Clinical program: The clinical studies conducted in 
the Soviet Union, Western Europe and the United States 
include a total of more than 2,942 persons of whom 2,499 
received moricizine. There are 39 published clinical trials 
in which the oral, intravenous or intramuscular morici- 
zine formulations, or any combination of these, were eval- 
uated in more than 1,000 children or adults in the Soviet 
Union, and 10 Western European studies in which 98 
adults with ventricular arrhythmias received the oral for- 
mulation. However, the data in this presentation are pri- 
marily based on the 1,844 subjects/patients who partici- 
pated in 37 studies conducted in the United States and at 
1 site located in Canada. 

The United States clinical program conducted from 
June 1976 through February 1987 consists of 34 con- 
trolled studies and 3 uncontrolled compassionate-use pro- 
grams. The controlled studies include 17 designed pri- 
marily to assess clinical pharmacology and 17 in which 
the main objective was to define the activity of moricizine 
in patients with ventricular arrhythmias. In the latter 
studies, information was obtained about the activity of 
daily oral doses of moricizine ranging from 150 to 1,800 
mg; the onset, offset and duration of activity; activity of 
moricizine vs placebo and other active controls (disopyra- 
mide, encainide, flecainide, imipramine, propranolol and 
quinidine); and the short- and long-term activity in pa- 
tients with benign, potentially lethal and lethal ventricu- 
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FIGURE 1. Ventricular arrhythmia classification for 1,190 pa- 
tients treated with moricizine for ventricular ectopic activity. 


lar arrhythmias.*"'! In many of these studies there were 
important secondary objectives. For example, in 1 long- 
term dosing study, a subgroup of patients with ventricular 
tachycardia (VT) and left ventricular dysfunction were 
evaluated at rest and during exercise to assess morici- 
zine’s hemodynamic effects.'2 Sixteen of the controlled 
activity studies were sponsored by Du Pont Pharmaceuti- 
cals and 1 (the Cardiac Arrhythmia Pilot Study) was 
sponsored by the National Heart, Lung, and Blood Insti- 
tute. The purpose of the compassionate-use programs was 
to treat patients (adults and children) who had supraven- 
tricular or ventricular (most of which were life-threaten- 
ing) arrhythmias and in whom all marketed antiarrhyth- 
mic drugs were either ineffective, not tolerated or con- 
traindicated, or any combination of these. 

The safety of moricizine was evaluated in all con- 
trolled studies and the compassionate-use programs. 

Data obtained on 121 subjects/patients who partici- 
pated in 8 additional clinical pharmacology studies con- 
ducted in the United States since the New Drug Applica- 
tion submission are also discussed. The objectives of these 
studies were to assess the effects of moricizine on the 
pharmacokinetics or pharmacodynamics, or both, of con- 
comitantly administered captopril, diltiazem, theophyl- 
line and warfarin; to compare the pharmacokinetics of 
moricizine in healthy subjects with that in patients with 
renal and hepatic impairment; and to determine the ef- 
fects of moricizine on antipyrine clearance. 

Study population: During an | 1-year period, a total of 
1,844 persons (1,817 adults and 27 pediatric patients) 
participated in studies conducted in the United States. 
The 27 pediatric patients are excluded from this presenta- 
tion. Therefore, the data being reviewed are for the 1,817 
adults; 443 received only placebo or comparative agents 
and 1,374 received moricizine. The most frequently pre- 
scribed daily doses were 600, 750 and 900 mg, which 
were usually administered in 3 divided doses. There were 
685 patient-years exposure and the duration of dosing 
ranged from 1 day to 7.2 years (mean 6 months), with 
239 patients receiving the drug therapy for more than 1 
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year. Most patients were receiving concomitant cardio- 
vascular medications, including diuretics (49%), vasodi- 
lators (47%), cardiac glycosides (40%), calcium channel 
blockers (19%) and 8 blockers (19%). 

Of the 1,256 patients (age 18 to 86 years, 81% men) 
who received moricizine in the Du Pont-sponsored stud- 
ies, 1,072 (85%) had ventricular arrhythmias, 33 (3%) 
had supraventricular arrhythmias and 151 (12%) did not 
have arrhythmias. All 118 patients (age 21 to 73 years, 
85% men) in the Cardiac Arrhythmia Pilot Study had 
ventricular arrhythmias. Thus, 1,190 adult patients (age 
18 to 86 years, mean 59) had ventricular arrhythmias. 
Each of these patients was classified as having either a 
benign, potentially lethal or lethal ventricular arrhythmia 
based on the patient’s risk of sudden cardiac death. Most 
patients (495, 58%) had potentially lethal ventricular ar- 
rhythmias; 397 patients (33%) had lethal and 99 patients 
(8%) had benign ventricular arrhythmias (Fig. 1). 

Of the 1,072 patients in the Du Pont-sponsored stud- 
ies with ventricular arrhythmias, 518 (48%) had a history 
of symptoms associated with their arrhythmias. The re- 
maining patients were either asymptomatic or had an 
unspecified history of arrhythmia symptoms. Most of this 
population (87%) had received from 1 to 15 antiarrhyth- 
mic drugs that were generally ineffective or not well- 
tolerated, or both. Most of them (93%) had a history of 
21 cardiovascular disease other than arrhythmias, in- 
cluding coronary artery disease (67%), previous myocar- 
dial infarction (53%) and congestive heart failure (43%). 

Methods of evaluation: Antiarrhythmic activity was 
assessed by 4 methods: 24-hour ambulatory electrocar- 
diographic monitoring (Holter), programmed electrical 
stimulation, exercise tests, and global evaluation (only for 
some patients in the compassionate-use program). In ad- 
dition, the effects of moricizine on symptoms associated 
with ventricular arrhythmias (palpitations, presyncope, 
syncope, cardiac arrest and seizures) were determined. 

Holter monitoring was the principal method used in 
72% of the patients in Du Pont-sponsored studies. Each 
patient underwent 2 to 54 (mean 13) Holter monitoring 
tests. A patient was required to have an average of 230 
ventricular premature contractions (VPCs) per hour at 
baseline to be included in the analysis. Response was 
defined as >75% reduction in total VPCs. The geometric 
mean and median percent changes in frequency of VPCs 
per hour on the drug from baseline also were determined. 
Patients with nonsustained VT at baseline had to have 
abolition (in most studies) or >90% reduction of nonsus- 
tained VT runs to be classified as a responder. 

In the programmed electrical stimulation studies, pa- 
tients qualified if either sustained or nonsustained VT 
was induced at baseline. For the drug to be classifed as 
effective, there had to be abolition of the baseline-induced 
VT. 

Criteria for efficacy during exercise tolerance testing 
with the drug compared with control included a 50% 
decrease in total VPCs per minute, >90% decrease in 
paired VPCs per minute and abolition of VT. 

The safety evaluation of orally administered morici- 
zine in the adults who participated in the Du Pont-spon- 





sored clinical trials was primarily based on the following 
variables: (1) adverse experiences (both related and unre- 
lated to the study drug by overall frequency, body system, 
duration of dosing, dosage, age, illness and concomitant 
therapy, and with attention to patients requiring a reduc- 
tion in dosage or discontinuation of the study drug); (2) 
proarrhythmia; (3) congestive heart failure; (4) deaths; 
(5) cardiovascular effects (changes in the electrocardio- 
gram, blood pressure, heart rate, left ventricular function 
and hemodynamics); (6) chest x-rays; (7) ophthalmic 
examinations; (8) typical neuroleptic phenothiazine eval- 
uations (effects on serum prolactin levels and on move- 
ment, behavior and mood); and (9) clinical laboratory 
tests. 


DISCUSSION 

The development of moricizine as an antiarrhythmic 
agent has occurred over a 25-year period (1964 to 1989), 
initially in the Soviet Union and later mainly in the Unit- 
ed States. Ethmozine, which has been spelled several 
ways (ethmozin, ethmosine, etmosin and ethmosin), was 
the first and only nonchemical name used to identify this 
compound for almost 20 years before it became a trade- 
mark (brand name) and moricizine was designated the 
generic name in the United States. 

After many years of systematic search for a phenothi- 
azine derivative with antiarrhythmic activity and a good 
safety profile, this compound was synthetized in 1964 
at the Institute of Pharmacology of the USSR Academy 
of Medical Science in Moscow.! Preclinical experiments 
were conducted in many species in the Soviet Union.®!3- 
18 The initial clinical development occurred in the Soviet 
Union during a 5-year period (1966 to 1971). The pub- 
lished and unpublished data included information on dai- 
ly oral moricizine dosages of 30 to 225 mg administered 
for 5 to 30 days or parenteral daily doses of 50 to 200 mg 
which were evaluated in approximately 1,000 male and 
female adult (age 19 to 90 years) patients with supraven- 
tricular or ventricular arrhythmias.!?*4 Evaluation of 
drug efficacy was determined by short 1-lead electrocar- 
diographic records or the patient’s subjective evaluations, 
or both. Based on these results, the drug was approved in 
1970 by the Pharmacological Committee of the USSR 
Minister of Health for widespread use in medical practice 
which began in 1971.2 The recommended oral daily dos- 
ages of moricizine were 75 to 225 mg, given in 3 divided 
dosages, and the parenteral dosages were 50 to 100 mg 
per injection. 

In 1974, the Du Pont Company licensed moricizine 
from Licensintorg of the Soviet Union. After conducting 
preclinical evaluations that included pharmacology, toxi- 
cology and metabolism studies in the United States, an 
Investigational New Drug application was filed and clini- 
cal trials were initiated in 1976.*>-78 The oral moricizine 
dosages used in the initial United States studies were 
those recommended in labeling in the Soviet Union (150 
and 225 mg/day) and slightly higher (300 mg/day). 
These dosages were extremely well-tolerated but rarely 
efficacious; thus, the daily dosages were slowly and care- 
fully increased (ranging from daily dosages of 450 to 900 
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mg) in hospitalized patients. The higher dosages were 
more efficacious and also were well tolerated.*?3° The 
differences in the effective daily dosages in the United 
States vs those in early studies in the Soviet Union are 
probably due to the different methods of evaluation. The 
effectiveness of moricizine in suppressing supraventricu- 
lar or ventricular arrhythmias, or both, in the first United 
States’ studies was based on 24-hour ambulatory electro- 
cardiograms (Holter monitoring) obtained daily for 13 
consecutive days (controlled-placebo for 3 days, a speci- 
fied fixed dose of moricizine for 7 days, following by 
placebo for 3 days), whereas the efficacy in the earlier 
USSR studies was determined by short electrocardio- 
graphic strips and the patient’s subjective feelings before 
Holter techniques were available. 

In 1977, Dr. Philip Podrid from the Harvard School 
of Public Health in Boston, Massachusetts, in collabora- 
tion with cardiologists in the Soviet Union, conducted a 
moricizine study in patients with ventricular arrhythmias 
at the National Cardiology Research Center in Moscow. 
The protocols, which included the use of Holters and 
exercise testing for acute and chronic antiarrhythmic ac- 
tivity were those developed and used in the Lown Cardio- 
vascular Laboratories at the Harvard School of Public 
Health. Based on early clinical results in the United 
States, daily oral dosages larger than those previously 
administered in the Soviet Union were evaluated. Two 
daily dosages, 225 and 600 mg, were administered. Mori- 
cizine was efficacious in 2 of 11 patients (18%) who 
received 225 mg/day vs 14 of 26 patients (54%) who 
received 600 mg/day.*' The moricizine daily dose was 
increased to 600 mg/day in the Soviet Union in 1978 asa 
result of these findings and again increased to 900 mg/ 
day in 1985 based on additional clinical data from the 
Soviet Union and the United States. 

Data from the United States studies also have contrib- 
uted to basic knowledge about Holter evaluations of ar- 
rhythmias which include understanding the limitations of 
consecutive 24-hour Holters, the spontaneous variability 
of complex ventricular arrhythmias, the changing base- 
line of ventricular arrhythmias during long-term therapy 
and the natural history of benign and potentially malig- 
nant ventricular arrhythmias.*-*> 
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Cardiac Electrophysiologic Effects of 
Moricizine Hydrochloride 


J. Thomas Bigger, Jr., MD 


Moricizine is a class | antiarrhythmic drug. In pre- 


clinical studies, it produces a concentration-depen- 
dent decrease in the maximal rate of phase 0 depo- 
larization, speeds repolarization of phases 2 and 3, 
and decreases the action potential duration and ef- 
fective refractory period duration in cardiac Purkin- 
je fibers. It has no effect on the slope of phase 4 
depolarization, but suppresses normal automaticity 
in vitro and in vivo and suppresses abnormal auto- 
maticity in depolarized Purkinje fibers. Also, it 
suppresses early afterdepolarizations, delayed af- 
terdepolarizations and triggered activity. 

In patients, moricizine has minimal effects on 
the normal sinus node, slows conduction in the atri- 
um, atrioventricular node, His-Purkinje system and 
ventricular myocardium and has little effect on the 
atrial and ventricular refractoriness. 

The intensity of moricizine action on the atrio- 
ventricular node, His-Purkinje system and JT inter- 
val are dose-related. Co-administration of digoxin 
and moricizine intensified the lengthening of the 
PR, AH and HV intervals, and produced more 
shortening of the JT interval. Patients in whom 
moricizine was efficacious had a significantly great- 
er lengthening of the AH and QRS intervals than 
those in whom moricizine was not efficacious. In 
some patients with sinus node dysfunction, morici- 
zine produced sinus bradycardia, increased sinus 
node recovery time, and produced second-degree or 
complete sinoatrial block. 

(Am J Cardiol 1990;65:15D-20D) 
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and clinical electrophysiologic features of morici- 
zine that importantly determine its efficacy or ad- 
verse effects when used to treat ventricular arrhythmias. 
Electrophysiology: Preclinical: The effect of morici- 
zine was studied on the transmembrane potential of iso- 
lated canine Purkinje fibers perfused with either blood 
from a donor dog administered the drug or Tyrode solu- 
tion containing the drug.'~> Moricizine produced a con- 
centration-dependent decrease in the maximal rate of 
depolarization during phase 0 (Vmax) and only high 
concentrations produced a slight decrease in conduction 
velocity. The membrane responsiveness curve was shifted 
to a more negative position on the voltage axis. Similarly, 
the h infinity curve shifted in a negative direction during 
superfusion with 1 ug/ml moricizine.? Voltage clamp 
studies in isolated canine cardiac Purkinje cells showed 
that 2 uM moricizine has significant “tonic” block of 
sodium ion (Nat) current (Ina), i.e., in noninactivated 
cells held at a transmembrane voltage of —150 mV.4 
Cells were activated at frequencies from 0.625 to 4 Hz to 
study use-dependent block of Ina. The block of Iya in- 
creased substantially with increasing frequency of activa- 
tion. The intensity of use-dependent block of In, also was 
concentration dependent. The range of concentrations 
studied was 2 to 20 uM. These findings suggest that 
moricizine reaches its channel binding site when the 
channel is in its open state and unbinds independent of the 
kinetic state of the channel. Moricizine produced marked 
delay in conduction in the ischemic zone during acute 
coronary occlusion.° 
Moricizine decreases excitability of cardiac Purkinje 
fibers by increasing the amplitude of intracellular current 
injection needed to depolarize fibers to threshold voltage, 
by blocking the Nat channel, by decreasing membrane 
resistance, and by moving threshold voltage to less nega- 
tive values. Many of these effects resemble those of 
lidocaine more than those of quinidine and procainamide. 
Moricizine increased the speed of repolarization of both 
phases 2 and 3, causing a decrease in the action potential 
duration and effective refractory period. The effects on 
repolarization are similar in many respects to lidocaine. 
When short segments of canine and ovine Purkinje fibers 
were exposed to calcium ion (Ca**) channel agonist Bay 
K 8644, the plateau of the action potential lengthened 
and early afterdepolarizations often occurred with an 
average take-off potential of —34 mV.’ Several factors 
were shown to promote early afterdepolarizations: low 
frequency of stimulation, low [K]o, application of tetra- 


T> purpose of this review is to highlight basic 
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TABLE I Electrophysiologic Properties of Moricizine in 
Canine Cardiac Purkinje Fibers 


Produces concentration-dependent decrease in maximal rate of depo- 
larization during phase O 

Speeds repolarization of phase 2 and 3; suppresses early after 
depolarizations 

Decreases the duration of the action potential duration and effective 
refractory period (canine Purkinje fibers) 

Only high concentrations (fivefold human dose of 12 mg/kg/day) 
decrease action potential amplitude and maximal diastolic potential 

No effect on slope of phase 4 depolarization, but suppresses normal 
and abnormal automaticity 

Suppresses delayed afterdepolarizations in subacute myocardial 
infarction and digitalis toxicity 


ethyl ammonium (to increase membrane resistance), or 
application of depolarizing current during the plateau of 
the action potential. During application of Bay K 8644, 
moricizine was capable of shortening action potential pla- 
teau and suppressing early afterdepolarizations.’° Be- 
cause early afterdepolarizations are thought to be the 
electrophysiologic basis for torsades de pointes, the action 
of moricizine on plateau currents suggests that this drug 
would be unlikely to produce torsades de pointes as part 
of its toxic profile. Maximal diastolic potential and action 
potential amplitude were not significantly affected by low 
concentrations of moricizine, but high concentrations 
produced modest decreases in both. 

Moricizine, even at high concentrations (fivefold 
higher than those produced in humans by a dose of 12 
mg/kg), did not significantly change the slope of phase 4 
depolarization in normal Purkinje fibers that were stimu- 
lated at regular intervals (Table I). Despite the lack of 
effect of moricizine on maximal diastolic transmembrane 
voltage or the slope of spontaneous phase 4 depolariza- 
tion, it had a prominent suppressant effect on normal 
spontaneous automaticity in canine Purkinje fibers.!.? 
Also, it was effective at suppressing normal automaticity 
that had been augmented by superfusion with Tyrode 
solution with [K] = 2.7 mM or Tyrode solution contain- 
ing epinephrine. This antiautomatic effect on normal 
Purkinje fibers was due entirely to a shift in the voltage 
threshold to less negative values.! Moricizine was more 
potent than lidocaine for suppressing normal automatic- 
ity. Moricizine also was quite effective for suppressing 
abnormal automaticity in Purkinje fibers depolarized by 
barium chloride or as a result of myocardial infarction. 
When moricizine was applied to fibers showing abnormal 
automaticity, the spontaneous activity usually stopped 
altogether. The results of these experiments caused 
Dangman and Hoffman? to speculate that moricizine 
counteracted abnormal automaticity by blocking an in- 
ward “window current” carried by Nat. Moricizine also 
was capable of suppressing delayed afterdepolarizations 
and triggered activity seen in Purkinje fibers taken from 
the infarcted region of 24-hour old myocardial infarcts in 
dogs.' Also, moricizine suppressed delayed afterdepolari- 
zations and triggered activity in canine Purkinje fibers 
caused by ouabain toxicity, but only in concentrations 
that depressed the amplitude and rate of rise of phase 0 of 
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the action potential.!° In the same series of experiments, 
procainamide and quinidine suppressed delayed afterde- 
polarizations without depressing the amplitude and rate 
of rise of phase 0 of the action potential. 

These electrophysiologic effects of moricizine are like- 
ly to account for its antiarrhythmic effect on ventricular 
arrhythmias. The substantial effect on phase 0 depolar- 
ization (an effect on Ina) could alter conduction in reen- 
trant circuits. The effect of moricizine on repolarization 
in the plateau range of transmembrane voltage could 
terminate ventricular arrhythmias due to early afterdepo- 
larizations. Moricizine also could suppress ventricular 
arrhythmias due to abnormal automaticity in depolarized 
fibers or those due to delayed afterdepolarizations and 
triggered activity. More studies are needed to establish 
the antiarrhythmic effect of moricizine in model arrhyth- 
mias in intact mammals. 

Clinical effects of oral administration of moricizine 
(United States studies): The cardiac electrophysiologic 
effects of orally administered moricizine on the human 
conduction system were determined in the United States 
in 58 adult patients.'' The patients were either undergo- 
ing diagnostic right-sided cardiac catheterization (6 pa- 
tients) or having programmed electrical stimulation (52 
patients). Most patients had severe coronary heart dis- 
ease with left ventricular dysfunction and spontaneous 
sustained ventricular arrhythmias. 

The control electrophysiologic study was performed 
after all antiarrhythmic drugs had been discontinued for 
at least 5 half-lives and were repeated after administra- 
tion of either a single, oral dose of moricizine (6 patients) 
or after 2 to 59 days (mean of 7.1 + 8.0) of moricizine 
dosing (52 patients). In the latter group, the electrophysi- 
ologic studies usually were performed within 8 hours of 
the previous moricizine dose. 

Effects of single, oral moricizine doses: Study popu- 
lation and dosing: Five men and 1 woman aged 41 to 63 
years (mean 55) were evaluated 0.5, 1, 1.5 and 2 hours 
after administration of a single, oral dose of moricizine. 
One patient had frequent ventricular and supraventricu- 
lar ectopic activity, 1 patient had supraventricular tachy- 
cardia, and 4 patients had no arrhythmias or conduction 
disturbances. All patients had cardiovascular diseases. 

The single moricizine doses ranged from 400 to 900 
mg (mean 683). All patients were receiving concomitant 
medications. Two hours after the administration of the 
single oral dose of moricizine, only 2 variables were 
changed significantly. The atrial effective refractory peri- 
od was shortened by an average of 13 ms (6%), (217 ms 2 
hours after moricizine vs baseline value of 230 ms). The 
mean AH interval was slightly prolonged, 7 ms, during 
pacing at a 600-ms cycle length (the baseline mean value 
was 93 ms and the mean value with moricizine was 99 
ms). The mean AH interval also was prolonged by 44 ms 
during sinus rhythm, but this change was not statistically 
significant. There was no change in HV interval during 
normal sinus rhythm or at a pacing cycle length of 600 
ms. 

A few variables showed trends that were not statisti- 
cally significant. Sinus cycle length decreased by 36 and 





16 ms at 1.5 and 2.0 hours, respectively. The corrected 
sinus node recovery time 2 hours after the dose increased 
by 47 and 16 ms at pacing cycle lengths of 500 and 600 
ms, respectively. There were no clinically or statistically 
significant changes in the PR, QRS, QT, QTc and JT 
intervals that were measured before and between 3 and 
5.5 hours and again between 18 and 22 hours after the 
single doses; however, most intervals were measured after 
the expected peak effect of the drug. 

Effect of chronic administration (2 to 59 days) of 
moricizine: Study population and dosing: The effects of 
chronic moricizine dosing on the conduction system were 
determined for 52 adult patients (85% men and 15% 
women, aged 27 to 73 years [mean + standard deviation 
57 + 10.6]) who were undergoing programmed electrical 
stimulation testing before moricizine (control) and dur- 
ing moricizine dosing.'! Nine patients (17%) had poten- 
tially malignant and 43 patients (83%) had malignant 
ventricular arrhythmias. All patients had 1 or more car- 
diovascular illnesses, most often coronary heart disease 
(79%) with previous myocardial infarction (69%). 

At baseline, 19% of the patients had abnormal (<120 
or >200 ms) PR intervals, 56% had prolonged (>100 ms) 
QRS intervals, and 45% had prolonged (>430 ms) QTc 
intervals. No patients had abnormal baseline JT intervals 
(>360 ms). Four patients had pacemakers. 

The moricizine daily dosage ranged from 600 to 1,500 
mg (mean of 892 + 192). Sixty percent of the patients 
received daily doses of 750 or 900 mg. The duration of 
dosing ranged from 2 to 59 days (mean 7.1 + 8.0). 

Overall effect of moricizine: Of the 24 electrophysio- 
logic variables measured, there was a statistically signifi- 
cant change in only 8. The sinus cycle length and JT 
interval decreased, the duration of the PR, AH, HV, 
QRS and QTc intervals increased, and the right ventricu- 
lar effective refractory period at a paced cycle length of 
600 ms increased (Table II). 

Moricizine had a minimal effect on sinus node func- 
tion. Sinus cycle length decreased by 63 ms and sinus 
node recovery time decreased an average of 91 ms. Nei- 
ther change was statistically significant. Moricizine had 
no significant effect on the corrected sinus node recovery 
time or the sinoatrial conduction time. 

In this group of patients with ventricular arrhythmias, 
moricizine had no significant effect on intraatrial conduc- 
tion time, but did delay impulse conduction in the atrio- 
ventricular (AV) node and His-Purkinje system. Morici- 
zine caused significant lengthening of the PR, AH, HV 
and QRS intervals. 

The duration of the JT interval decreased significant- 
ly. No significant change occurred in the duration of the 
QT interval. A slight, but statistically significant, length- 
ening of the QTc interval occurred, which reflects the 
increase in QRS duration. 

Chazov et al!? studied 16 patients with AV reciprocat- 
ing tachycardia due to Wolff-Parkinson- White syndrome 
(n = 10) or with concealed bypass tract (n = 6). Nine of 
the 14 patients with inducible, sustained supraventricular 
tachycardia (64%) had termination with an intravenous 
injection of 1.5 to 2 mg/kg of moricizine (Table III). The 


TABLE Il Effect of Moricizine on Clinical Electrophysiologic 
Variables 


Change with 


Control Moricizine 


Values 
Variable 


Sinus cycle length 
PR interval 

AH interval 

HV interval 

QRS interval 

QTc interval 

JT interval 

RV ERP 


* p <0.05; t p <0.01. 
RV = right ventricular; ERP = effective refractory period (CL 600 at RV apex). 


drug also prevented induction of supraventricular tachy- 
cardia in 8 patients (57%) (4 with Wolff-Parkinson- 
White syndrome and 4 with concealed bypass tract). The 
cycle length of supraventricular tachycardia was in- 
creased about 10% by intravenous moricizine. The intra- 
venous dose of moricizine that was effective against su- 
praventricular tachycardia increased the PA interval by 
48%, the AH and PR intervals by 15%, but had no signifi- 
cant effect on HV, QRS or QT intervals. The substantial 
effect of moricizine on the AV node also was documented 
in the perfused rabbit heart.!? 

Effects of moricizine with normal versus abnormal 
baseline values: The effects of moricizine on electrophys- 
iologic variables based on normal vs abnormal baseline 
values were compared for 6 variables (sinus node recov- 
ery time, PR, HV, QRS, and QTc intervals; and the cycle 
length at which AV nodal Wenckebach occurred). These 
variables were selected because there were adequate 
numbers of abnormal baseline values in the 52 patients. 

Moricizine produced only a statistically significant 
different change in normal compared with abnormal 
baseline values for 2 variables (the sinus node recovery 
time and the QTc interval). With moricizine, the sinus 
node recovery time was shortened by 14% (mean 153 ms) 
in patients with normal baseline values (n = 12, mean 
1,085 ms), whereas it was prolonged by 5% (mean 58 ms) 
in those with increased baseline values (n = 5, mean 
1,182 ms). Patients with normal QTc intervals (n = 22, 
mean 400 ms) at baseline had a 10% (mean 40 ms) 
increase in QTc with moricizine vs patients with long 


TABLE Ill Effect of Intravenous Moricizine (1.5 to 2.0 
mg/kg) on Electrophysiologic Intervals in Patients with 
Supraventricular Tachycardia due to Accessory Pathways 


9/14 pts. (64%) 
8/14 pts. (57%) 
10% 
48% 
15% 
15% 


Terminated induced SVT 
Prevented induction of SVT 
Increase in SVT cycle length 
Increase in PA interval 
Increase in AH interval 
Increase in PR interval 

No change in HV, QRS or QT intervals. 


SVT = supraventricular tachycardia. 
Adapted from Am Heart J.!4 
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% Change 


Oa PR Interval 
A =m JT Interval* 
@ ==: QRS Interval 
Om QT Interval 


600 750 900 


Moricizine Daily Dose (mg) 


*Attributible to Digoxin 


QTc values (n = 18, mean 464 ms) at baseline who had a 
1% (mean 3 ms) decrease in QTc with moricizine. 

However, there was less lengthening of the PR and 
QRS intervals during moricizine dosing for those with 
prolonged baseline intervals than for those with normal 
baseline intervals. When the cycle length at which AV 
Wenckebach occurred was prolonged at baseline, it de- 
creased with moricizine; when it was normal at baseline, 
it increased with moricizine. 

Moricizine dose effect: A regression analysis of the 
change in the variable vs the moricizine dose was used to 
determine the effect of moricizine dose. The changes in 
the values of 4 variables (PR, AH, HV and JT intervals) 
were significantly dose related (p <0.05). Larger morici- 
zine doses produced more lengthening of the PR, AH and 
HV intervals, and more shortening of the JT interval. The 
QRS interval prolongation at the 900 and 1,050 mg/day 
doses was not statistically significant and the QT interval 
was not significantly changed by dose (Fig. 1). 

Effect of co-administration of moricizine and digox- 
in: Thirty-one of the 52 patients (60%) received digoxin 
concomitantly with moricizine. The only variable that 
was significantly changed by the co-administration of 
moricizine and digoxin was the AH interval, which was 
more prolonged (by 13.1 ms) with the concomitant thera- 
py (7.3 ms with moricizine alone vs 20.4 ms with morici- 
zine and digoxin). The PR and HV intervals also pro- 
longed more (14.4 and 7.1 ms, respectively) and the JT 
interval shortened more (17.5 ms) with the concomitant 
therapy, but these changes were not statistically signifi- 
cant. 

Lengthening of the PR, AH and HV intervals and 
shortening of the JT interval tended to be greater when 
higher doses (=900 mg/day) of moricizine were adminis- 
tered concomitantly with digoxin. 

Relation of efficacy to electrophysiologic changes: 
Moricizine was evaluated in patients with ventricular 
arrhythmias either by 24-hour continuous electrocardio- 
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FIGURE 1. Changes in PR, 
QRS, QT and JT intervals as 


Dose is plotted on the X axis 
and percent change on the Y 
axis. The horizontal dashed 
line indicates the baseline 
value (drug free). 


graphic recordings (Holter) or by programmed electrical 
stimulation studies, or both. With Holter evaluation, effi- 
cacy was defined as >75% decrease in mean ventricular 
premature complexes per hour with moricizine compared 
with baseline or abolition of ventricular tachycardia, or 
both. Moricizine was efficacious in 33 patients (63%), not 
efficacious in 17 patients (33%), and efficacy was not 
evaluable in 2 patients (4%). The relation of efficacy of 
moricizine to changes in the conduction velocity (PR, 
AH, HV and QRS intervals) and ventricular repolariza- 
tion (JT interval) was evaluated. 

Patients in whom moricizine was efficacious had a 
statistically significantly greater prolongation of the AH 
and QRS intervals than those in whom moricizine was 
not efficacious. When the analysis of covariance was used 
to adjust for moricizine dose, the relation of the AH 
interval change to efficacy continued to be statistically 
significant (p = 0.027). 

There was no statistically significant relation between 
changes in the PR, HV or JT intervals and efficacy. 
However, the PR and HV intervals were slightly more 
prolonged in patients who had efficacy; the JT interval 
shortened considerably less in the patients who responded 
to moricizine. 

Effects of intravenous administration of moricizine 
(published USSR studies): Study population and dosing: 
Nine studies included data on the electrophysiologic ef- 
fects of single, intravenously administered doses of mori- 
cizine (1.0 to 2.0 mg/kg; 150 mg) to 235 patients (age 13 
to 77 years) with various types of cardiac arrhythmias 
that included sinus node dysfunction, Wolff-Parkinson- 
White syndrome, and supraventricular, atrioventricular 
nodal reentrant and ventricular tachycardias. Most of the 
235 patients had supraventricular arrhythmias or sinus 
node dysfunction, or both; only 3 studies included pa- 
tients with ventricular arrhythmias. 

Electrophysiologic effects: In most studies, morici- 
zine prolonged the PA interval (4 of 4 studies) and AH 





interval (5 of 6 studies), indicating slowing of intraatrial 
and AV nodal conduction, respectively. Both the HV 
interval and sinoatrial conduction time increased slightly 
or were unaffected after injection of the drug. Conduc- 
tion was delayed or blocked in accessory pathways (e.g., 
Kent bundle) in both the anterograde and retrograde 
directions, as well as in the ventriculoatrial conduction 
system. The effective refractory periods of the atrium, 
ventricle and AV node were not significantly changed by 
moricizine treatment in most of the studies in which these 
variables were measured (Table II). 

Effects in patients with sinus node dysfunction: Like 
other class I antiarrhythmic drugs, moricizine may exac- 
erbate impaired sinoatrial conduction. Rozenshtraukh'* 
studied the electrophysiologic effects of moricizine (1.5 to 
2.0 mg/kg intravenously) in 10 patients with sinus node 
dysfunction. Six of the patients responded similarly to 
those without sinus node dysfunction (i.e., sinus cycle 
length and sinus node recovery time decreased, while 
sinoatrial conduction time increased). However, the re- 
maining 4 patients had significant increases in sinus cycle 
length, in sinus node recovery time, and in the corrected 
sinus node recovery time. Second-degree sinoatrial con- 
duction block developed in 3 of the 4 patients, and in the 
remaining patient, who initially presented with second- 
degree block, sinoatrial block developed. 

In a similar study by Rakovec et al,'> 8 of 12 patients 
with prolonged sinus node recovery time (1,500 ms) at 
baseline had marked increases in sinus node recovery 
time and corrected sinus node time after 1 mg/kg of 
moricizine was administered intravenously. 

In contrast to the reports by Rozenshtraukh and Ra- 
kovec, Sokolov et al!® found only clinically insignificant 
changes in corrected sinus node dysfunction and sinoatri- 
al conduction time in 3 patients with sinus node dysfunc- 
tion who were given 150 mg of moricizine intravenously. 

Electrophysiologic classification of moricizine: There 
is some confusion with the classification of moricizine by 
the Vaughan Williams system. Much of the confusion 
arises as a result of differences in concept about the key 
features used to classify the antiarrhythmic actions of 
drugs. Drugs with class I antiarrhythmic action bind to 
molecules in the Na* channel, impeding the inward surge 
of Ina during activation. This molecular action translates 
into slowing of depolarization during phase 0 of the action 
potential and slowing of conduction, especially of prema- 
ture impulses or those arising at low levels of transmem- 
brane voltage. For many drugs, binding to the Na* chan- 
nel is use-dependent, i.e., depends on the number of depo- 
larizations per unit time. A hypothesis that explains this 
behavior is that the drug binds in the Na* channel only 
when it opens during activation. Drug unbinding may 
occur during any state of the channel, resting, open or 
inactivated. Most pharmacologists subclassify drugs by 
their intensity of action in blocking the Na* channel: IB 
weakest, IA intermediate potency and IC the strongest.!” 
Actions on other channels are considered subsidiary. 
When Harrison!® presented his modification of the 
Vaughan Williams classification, he featured effects on 
repolarization. He pointed out that drugs with class IA 
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antiarrhythmic action tended to prolong action potential 
duration in ventricular tissues. Drugs with class IB anti- 
arrhythmic action tended to shorten action potential du- 
ration. Drugs with class IC antiarrhythmic action had 
very little effect on repolarization. These effects are not 
uniform; e.g., procainamide has little effect on repolariza- 
tion. 

Clearly, when classified by intensity of effect on the 
Nat channel, moricizine has class IA antiarrhythmic 
action. However, unlike most drugs with class IA action, 
it shortens action potential duration in ventricular tissues. 
Also, moricizine depresses AV nodal conduction more 
than other drugs with class IA action, e.g., quinidine, 
procainamide or disopyramide. 

Although the effect of moricizine on Na+ channels 
undoubtedly contributes importantly to its antiarrhyth- 
mic action, it may or may not affect other ionic channels 
as well. More work needs to be done to characterize the 
molecular pharmacology of moricizine. Even the knowl- 
edge about moricizine’s interaction with Na* channels is 
incomplete on a molecular level. For example, the rate 
constants for unbinding need additional clarification. 


CONCLUSION 

Moricizine is a class I antiarrhythmic drug. In preclin- 
ical studies, it produces a concentration-dependent de- 
crease in maximal rate of phase 0 depolarization, speeds 
repolarization of phases 2 and 3, decreases action poten- 
tial duration, and shortens effective refractory period du- 
ration in canine Purkinje fibers. It has no effect on the 
slope of phase 4 depolarization, but has a potent suppres- 
sant action on normal automaticity by increasing trans- 
membrane threshold voltage. Also, moricizine suppresses 
abnormal automaticity in Purkinje fibers as a result of 
acute myocardial infarction or superfusion with barium 
chloride. In addition, it suppresses both early and delayed 
afterdepolarizations and triggered activity. 

The clinical electrophysiologic properties of morici- 
zine are summarized in Table II. In patients, moricizine 
delays the impulse conduction velocity in the atrium, 
atrioventricular node, His-Purkinje system and ventricu- 
lar myocardium and has minimal effects on the normal 
sinus node and on the atrial and ventricular refractori- 
ness. The action of moricizine on the PR, AH, HV and JT 
intervals is dose related. Concomitant administration of 
digoxin with moricizine, especially at higher doses, i.e., 
900 mg, produced more lengthening of the PR, AH and 
HV intervals, and produced more shortening of the JT 
interval. Preliminary studies suggest that moricizine pro- 
duces less increase of the PR, AH and HV intervals when 
baseline electrophysiologic measurements are abnormal 
than when they are normal. Conversely, moricizine was 
more likely to produce sinus bradycardia, increase sinus 
node recovery time, and produce second-degree or com- 
plete sinoatrial block in patients with sinus node dysfunc- 
tion. 

Also, preliminary data suggest that patients in whom 
moricizine was efficacious had a significantly greater 
prolongation of the AH and QRS intervals than those in 
whom moricizine was not efficacious. 
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The electrophysiology of moricizine is as complex as 
its chemistry and biotransformation. Although it best fits 
class IA of the Vaughan Williams classification based on 
its interactions with sarcolemmal Na+ channels and con- 
duction of the cardiac impulse, it has many other electro- 
physiologic effects that probably are important in its anti- 
arrhythmic action. Thus, moricizine has a unique electro- 
physiologic profile and may as a result have a unique 
antiarrhythmic action. 
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Clinical Pharmacokinetics of Moricizine 


Lyle A. Siddoway, MD, Sorell L. Schwartz, PhD, Jean T. Barbey, MD, 
and Raymond L. Woosley, MD, PhD 


Moricizine is well absorbed after oral administra- 


tion and undergoes extensive first-pass metabo- 
lism. The drug has a large apparent volume of dis- 
tribution (approximately 4 liters/kg), exhibits ex- 
tensive plasma protein binding (approximately 
95%) and produces at least 30 metabolites. Indi- 
rect evidence indicates that some of those metabo- 
lites may be pharmacologically active. The elimina- 
tion half-life of moricizine is 2 to 6 hours, but its 
duration of antiarrhythmic action is much longer 
suggesting active metabolites. Moricizine induces 
its own metabolism with no change in pharmaco- 
logic effect. It also induces the metabolism of the- 
ophylline and specific pathways of antipyrine. Ci- 
metidine reduces metabolism of moricizine but does 
not alter its pharmacologic effects. This observa- 
tion provides further support for the hypothesis 
that the metabolites of moricizine contribute to the 
pharmacologic actions during therapy and indicate 
that plasma level monitoring is not likely to be of 
value. There are no known clinically significant 
pharmacokinetic interactions between moricizine 
and digoxin, warfarin or propranolol. Excessive 
prolongation of the PR interval has been seen in 
some patients receiving both digoxin and morici- 
zine, probably due to additive electrophysiologic ef- 
fects of the 2 drugs. 

(Am J Cardiol 1990;65:21D-25D) 
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oricizine is an antiarrhythmic agent developed 
M: the Soviet Union and currently under review 

for licensing in the United States. Structurally, 
moricizine (Fig. 1) is composed of a phenothiazine nucle- 
us and 2 side-chains. The morpholino side-chain appears 
to be necessary for its antiarrhythmic activity. Moricizine 
has a lower pK, (6.4) than other phenothiazines, which 
may account in part for the lesser degree of central ner- 
vous system effect seen during its administration. 


PHARMACOKINETICS 

Woosley et al! reviewed the pharmacokinetics of mor- 
icizine, citing the relevant publications up to that time? * 
and unpublished data provided by the manufacturer. 
That information is summarized here along with a pre- 
sentation of further data provided by 2 manufacturer- 
sponsored studies. 

Intravenous administration of a single moricizine dose 
to normal subjects reveals classic 2-compartment phar- 
macokinetics. The half-time associated with the first ex- 
ponent of the biexponential concentration-vs-time curve 
(“distribution half-life,” t;/2.) is about 4 to 20 minutes. 
The half-time associated with the terminal slope (“termi- 
nal elimination half-life,” t;/2g) is about 2 to 6 hours. 

After oral administration, peak blood levels are 
reached in 0.8 to 2.0 hours with a systemic bioavailability 
of 0.38, indicating a high hepatic intrinsic clearance 
(about 2.2 liters/min). Plasma protein binding is about 
95%, with both albumin and qa -acid glycoprotein as li- 
gands. The volume of distribution estimated from the 
terminal phase of elimination (Vp) is about 300 liters. 
Considering the extent of plasma protein binding, this 
implies significant peripheral tissue binding. 

Biotransformation of moricizine is virtually complete. 
After oral administration of radiolabeled moricizine, over 
half of the radioactivity was excreted in the urine, indicat- 
ing significant enterohepatic cycling of the metabolites. 
The combined t) /2 for the metabolites, as represented by 
radiolabel, is about 84 hours. 

Further insight into moricizine clinical pharmacoki- 
netics comes from a more recent multiple-dose study.* 
This study, involving 12 healthy male volunteers, used a 
4-treatment, 4-period, sequential escalating multiple- 
dose protocol. The treatment groups were classified as 
150, 200, 250 and 300 mg. The treatment periods were | 
dose every 8 hours for 7 days, with no washout period 
between treatments. Pharmacokinetic parameter values 


*Du Pont study N-72, data on file, Du Pont Pharmaceuticals. 
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FIGURE 1. Structure of moricizine 
hydrochloride (HCI) (10-(3-morpho- 
linopropionyl) phenothiazine-2-car- 
bamic acid ethyl ester hydrochlo- 
ride). 


10-(3-Morpholinopropiony!) Phenothiazine-2-Carbamic Acid Ethyl Ester HCI 


TABLE I Summary of Pharmacokinetic Findings of an 
Escalating Multiple Dose Study of Moricizine in 11 Subjects 


300 mg 
0.018 


Dosage 150 mg 200 mg 250 mg 


Cmin* (mg/L) 0.019 
(0.011) 
0.666 0.600 
(0.281) (0.264) 
Tmax (hr) 0.67 0.89 
(0.13) (0.26) 
1.220 1.21 
(0.561) (0.488) 
CL.t (L/hr /kg) : 3.85 3.77 
(1.59) (1.52) 
Vp (L/kg) 7.85 7.92 
(3.26) (3.17) 
ti2e ; 1.4 1.4 
(0.1) (0.1) 


0.017 
(0.011) 


0.016 
(0.008) 


Cmax (mg/L) 0.607 


AUC* (mg - hr/L) 


* Normalized to 300-mg dose. 

t Equivalent to intrinsic clearance. 

Values are expressed as mean + standard deviation. 

AUC = area under the concentration-vs-time curve; Cmin = minimal ("trough") 
concentration; Cmax = maximal (“‘peak’’) concentration; CLe = oral clearance; ti /23 = 
terminal elimination half-life; Tmax = time of peak concentration; Vp = volume of 
distribution. 


were based on blood collections taken on the seventh day 
of each period. Blood collections to determine trough 
moricizine concentrations, Cin, were taken on days 6, 8, 
13, 15, 20, 22, 27 and 29. The resulting data, which 
demonstrate dose proportionality over the dose range 
studied, are listed in Table I. 

In the prior review of pharmacokinetic data,! it was 
pointed out that the steady-state level achieved with mul- 
tiple dosing is less than that predicted on the basis of the 
terminal elimination rate constant, suggesting the possi- 
bility of increased clearance, decreased plasma protein 
binding, or both. This was investigated further in another 
recent unpublished multiple-dose study.* 

This was a double-blind study with randomized as- 
signment of subjects to | of 2 treatment groups. On day 1, 
all subjects received a 500-mg oral dose of antipyrine. 
After a 4- to 6-day washout period, 1 group (n = 6) 
received a 250-mg oral dose of moricizine hydrochloride 
every 8 hours for 14 days. The second group (n = 6) 


*Du Pont study N-73, data on file, Du Pont Pharmaceuticals. 


TABLE Il Effects of Moricizine on Antipyrine Disposition After Multiple Dose Administration 


Parameter Before Moricizine 


1 Week Moricizine 2 Weeks Moricizine 


Group 1 (2 Weeks of Moricizine) 


Cmax (mg/L) 9.69 + 1.0 
Tmax (hr) 1.0 
(0.5-1.0)? 
132.07 + 13.39 
0.78+0.13 
0.63 + 0.07 
9.3409 


AUC (mg/L/hr) 
Cl. (mi/min/kg) 
Vot (L/kg) 
Ti 28° (hr) 


Parameter Before Moricizine 


9.50 + 2.02 8.74 +1.75 
0.75 0.75 
(0.5-1.0)? (0.5-1.0)? 
105.86° + 15.32 90.45°@ + 12.89 
0.98° + 0.14 1.15% + 0.20 
0.66 +0.04 0.70 + 0.06 
7.8 +09 7.10.8 


1 Week Moricizine, 


1 Week Moricizine 1 Week Placebo 


Group 2 (1 Week of Moricizine) 


Cmax (mg/L) 11.504 1.51 

Tmax (hr) 0.75 
(0.5-1.0)? 

168.20 + 30.82 
0.70 + 0.12 
0.64 + 0.05 
10.541.5 


AUC (mg/L/hr) 
CI. (ml/min /kg) 
Vp° (L/kg) 
ti 29° (hr) 


10.94 +0.84 10.43 + 0.87 
0.75 0.75 
(0.5-1.0)? (0.5-1.0) 

120.08° + 20.40 149.24¢ + 25.52 
0.98° + 0.15 0.78° + 0.13 
0.65 +0.06 0.72 + 0.12 

AISE LO 10.4' + 1.6 


a Range; ” intrinsic clearance; € volume of distribution during terminal phase elimination; harmonic mean; °p <0.05 vs day 1 control; f p <0.05 vs day 14 control; € p <0.05 vs 


placebo control group 2 day 21. 
Values are expressed as mean + standard deviation. 
Abbreviations as in Table |. 
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TABLE Ill Moricizine Pharmacokinetics After Repeated 
Doses 


Parameter 


Cmax (mg/L) 
Tmax (hr) 
AUCH (mg -hr /L) 
Cl, (L/hr/kg) 
Vp (L/kg) 
tiy2 (hr) 

* Median (range). 


t AUCo-» on day 1 and AUCo-srr on day 13. 
+ Harmonic mean + standard deviation. 


1 Day Moricizine 13 Days Moricizine 


0.55 + 0.23 
1.0 (0.75-1.0)* 
1.25 + 0.59 
3.08 + 1.80 
5.93 +'3:22 
1.3+0.1 


0.39 + 0.16 
0.75 (0.75—1.5)* 
0.79+0.34 
4.66 + 2.28 
11.60 + 6.71 
1.6+0.2 


received the 250-mg oral dose every 8 hours for 7 days 
and placebo treatment for the next 7 days. Subjects from 
each group each received a second single oral 500-mg 
antipyrine dose on day 14, coincident with the treatment 
protocol dose (moricizine or placebo). A third 500-mg 
antipyrine dose was given on day 21. Blood samples were 
obtained at appropriate times to determine pharmacoki- 
netic parameter values from moricizine and antipyrine. 
The data in Table II show that moricizine increased anti- 
pyrine clearance and, as seen in Table III, it appeared to 


TABLE IV Mean Serum Digoxin Concentrations During Co- 
administration of Placebo or Moricizine 


Placebo, baseline 13 0.91 + 0.12 
Moricizine, 1 week 1.13 +0.16 
Moricizine, 2 weeks 1.06 + 0.14 
Placebo 1 week after moricizine 0.83 + 0.27 


Adapted from Am Heart J.° 


TABLE V Effect of Cimetidine on Moricizine 


Pharmacokinetics 


Moricizine with 
Moricizine Cimetidine 
5641.3 
38.2 + 10.7 
3.4+0.5 
11.143.1 


AUCo-» (ug/mi/hr) 
Cl. (ml/min /kg) 
T1728 (hr) 
Vo (L/kg) 

Values are expressed as mean + standard error of the mean. 

AUCo-- = area under the moricizine concentration-vs-time curve; other abbrevia- 


tions as in Table |. 
Adapted from Clin Pharmacol Ther.’ 


have an autoinducing effect in that its own clearance was > brillation), Kennedy et al’ measured digoxin concentra- 


increased. 


DRUG INTERACTIONS 

Digoxin: Potential interactions between moricizine 
and digoxin have been examined in studies involving both 
normal volunteers and patients. In a study of digoxin 
pharmacokinetics after a single intravenous dose, Mac- 
Farland et al* found no difference between values ob- 
served at baseline and those noted after steady-state ad- 
ministration of moricizine (12 mg/kg/day in 3 divided 
doses). Co-administration of digoxin and moricizine 
caused a significant increase in the PR interval.* 

In a study of moricizine efficacy for suppression of 
chronic ventricular ectopy in patients concomitantly re- 
ceiving digoxin (for congestive heart failure or atrial fi- 


*Data on file, Du Pont Pharmaceuticals. 
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tions before, during and after 2 weeks of treatment with 
moricizine (approximately 10 mg/kg/day in divided 
doses). No significant changes in digoxin concentration 
were noted at dosages producing satisfactory suppression 
of ventricular ectopy (Table IV). 

Moricizine frequently increases the PR interval and 
QRS duration, and there are reports of first-degree atrio- 
ventricular block or bundle branch block developing in 
patients during concomitant digitalis administration.* 
The known effects of moricizine on calcium conductance 
may explain the effects on atrioventricular node conduc- 
tion, whereas its effects on fast sodium current appear 
responsible for intraventricular conduction abnormali- 
ties. 

In summary, there does not appear to be a pharmaco- 
kinetic interaction between digoxin and moricizine, but 
the additive effects of the 2 drugs on intranodal and 
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FIGURE 3. Effects of moricizine on 
area under the curve (AUC) of the- 
ophylline after administration of 2 
different formulations, anhydrous 
theophylline (TheoDur®) and ami- 
nophylline (Aminoph). 
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intraventricular conduction may be excessive in some 
patients with cardiac disease. 

Warfarin: The disposition kinetics of warfarin after 
single-dose administration (25 mg orally) was examined 
in 12 normal subjects before and after multiple doses of 
moricizine (250 mg every 8 hours for 14 days).* There 
was no change in warfarin oral clearance, volume of 
distribution or plasma protein binding during moricizine 
administration. There was a slight but statistically signifi- 
cant decrease in warfarin elimination half-life (from 37.6 
+ 7.8 to 34.2 + 4.4 hours) (Fig. 2). There was no change 
in prothrombin time. 

Experience with moricizine in patients chronically re- 
ceiving warfarin is available. Of 51 patients receiving the 
2 drugs together, paired prothrombin time data are avail- 
able for 34 patients.* There was no significant change in 
warfarin dosage requirement after initiation of morici- 
zine therapy. Therefore, the clinical experience indicates 
that there is not a significant pharmacokinetic or phar- 
macodynamic interaction between moricizine and warfa- 
rin. 

Propranolol: A potential pharmacokinetic interaction 
between moricizine and propranolol has not been fully 
evaluated. Among patients studied to date, there has been 
no evidence of an adverse drug interaction or significant 
change in blood pressure or heart rate when the 2 drugs 
were combined.°®’ 

Cimetidine: Cimetidine is well known for its ability 
to inhibit hepatic microsomal oxidative enzymes. One 
would predict that extensively metabolized drugs such as 
moricizine might have altered pharmacokinetics when 
combined with cimetidine. As predicted, Biollaz et al? 
found a mean reduction of moricizine clearance of 48% 
after cimetidine (300 mg 4 times a day for 1 week). The 
mean half-life increased by 35% (from 3.4 + 0.5 to 4.6 + 
0.5 hours), and area under the concentration-vs-time 


*Data on file, Du Pont Pharmaceuticals. 
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curve (AUC) increased by 39% (Table V). There was 
considerable variability in the extent of cimetidine-in- 
duced reduction in moricizine clearance, with the largest 
effect seen in those subjects with the highest initial values 
for oral clearance and the lowest initial plasma moricizine 
concentrations. Despite the striking changes in morici- 
zine concentration and disposition kinetics, there was no 
significant difference in electrocardiographic intervals. 
This observation supports the hypothesis that some me- 
tabolites of moricizine are active and contribute to the 
pharmacologic effects during moricizine therapy. This 
also implies that monitoring plasma moricizine concen- 
trations will be of limited value during therapy. 

A pharmacokinetic interaction between ranitidine 
and moricizine is unlikely, but possible because the ef- 
fects of ranitidine on liver blood flow might reduce clear- 
ance. However, such an effect should be no larger than 
that seen with cimetidine and should also lack clinical 
relevance. 

Theophylline: A pharmacokinetic interaction be- 
tween theophylline was suggested by the observation that 
theophylline levels decreased in 4 patients taking theoph- 
ylline for asthma and moricizine for arrhythmias.* A 
complete prospective trial was subsequently performed in 
15 normal subjects.* On separate days, single doses of 
anhydrous theophylline and sustained-release theophyl- 
line (TheoDur®) were given and plasma samples collect- 
ed to characterize the pharmacokinetic profiles for each 
formulation. After 2 weeks of moricizine administration, 
the studies were repeated. Major but variable changes in 
the AUC, oral clearance and half-life occurred with each 
theophylline formulation, but were greater for the sus- 
tained release preparation. Figure 3 demonstrates the 
changes in the AUC for the 2 formulations before and 
after moricizine, indicating decreased theophylline avail- 
able after treatment with moricizine. Moricizine in- 
creased theophylline clearance by 46 to 68% and de- 
creased theophylline elimination half-life by 20 to 34%. 





This interaction is very likely to alter the clinical efficacy 
of theophylline therapy, and therefore theophylline levels 
should be monitored carefully when the drugs are used 
together. 

This interaction and the evidence that moricizine con- 
centrations in plasma decrease during chronic therapy 
indicate that drug-metabolizing enzymes can be induced 
by moricizine. This has also been observed in animal 
studies* and in the previously described study summa- 
rized in Table II. The selective induction of specific anti- 
pyrine metabolic pathways implies that there may be 
other interactions that could occur unpredictably. 


*Data on file, Du Pont Pharmaceuticals. 
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Dose Effect of Moricizine on Suppression of 
Ventricular Arrhythmias 


Joel Morganroth, MD 


To define the pharmacologic properties of morici- 


zine in patients with benign or potentially lethal 
ventricular arrhythmias, 1,072 patients in the mor- 
icizine data base through February 1987 were 
evaluated. In dose-ranging and titration trials as 
well as in a cross-study analysis of the entire data 
base, the minimally effective dose for moricizine 
was found to be 600 mg/day and the optimal dose 
range from 600 to 900 mg/day. The dose efficacy 
relation plateaued beyond 900 mg/day. With use of 
a 75% reduction in ventricular premature complex 
frequency as the definition of a drug responder, 
391 of 583 patients (67%) with paired Holter mon- 
itors demonstrated overall efficacy. The dose onset 
of moricizine was between 16 and 20 hours and 
the dose offset was at approximately 24 hours at 
the point when 50% of the ventricular arrhythmia 
frequency returned to baseline. Although morici- 
zine was primarily given on a 3-times-a-day regi- 
men during clinical trials, dose interval evaluation 
suggested that a twice-a-day regimen may produce 
the same degree of efficacy although there are lim- 
ited data regarding comparable safety. 

(Am J Cardiol 1990;65:26D-31D) 
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to prevent or eliminate clinically important ven- 
tricular arrhythmias.'* Because any therapeutic 
agent is potentially toxic, physicians should always seek 
the minimally effective dose required to reach the de- 
sired therapeutic end point. Iñ addition, the proper dose 
interval of the therapeutic agent should be clearly es- 
tablished to eliminate any periods of inefficacy or po- 
tential adverse effects due to unnecessarily high peak 
drug concentration. During new drug development, 
careful clinical trials should be conducted to establish 
both dose-effect relations, onset of therapeutic action, 
offset of action and the proper interdose interval. 
This report describes the data from the moricizine 
new drug application data base that were used to estab- 
lish these important pharmacologic variables. 


A ntiarrhythmic drugs are prescribed by physicians 


METHODS 

Study population: The moricizine new drug applica- 
tion data base (as of February 1987) evaluated 1,072 
people treated with moricizine for ventricular arrhyth- 
mias. This population consisted of 99 patients (9%) with 
benign, 576 (54%) with potentially lethal and 397 (37%) 
with lethal ventricular arrhythmias.! Concomitant car- 
diovascular agents were administered to 856 of 1,072 
patients (80%). These included diuretic drugs in 535 
(50%), vasodilators in 488 (46%), cardiac glycosides in 
445 (42%), calcium channel blockers in 183 (18%), 8 
blockers in 175 (16%) and additional antiarrhythmic 
therapy in 131 (12%). Figure 1 displays the cardiovascu- 
lar history of these 1,072 adults treated with moricizine 
for ventricular arrhythmias. Almost all of these patients 
had underlying cardiovascular disease with over one-half 
having a history of myocardial infarction and only 7% 
having no structural cardiovascular disease with ventricu- 
lar arrhythmias, so-called idiopathic ventricular ectopic 
activity. 

Arrhythmia monitoring methods: To evaluate sup- 
pression of ventricular premature complexes (VPCs) or 
nonsustained ventricular tachycardia (VT), electrocar- 
diographic monitoring (Holter monitoring) was per- 
formed. To qualify for inclusion in the dose-effect analy- 
sis, patients had to have at least one 24-hour Holter 
monitor recording before institution of moricizine thera- 
py, and at least one 24-hour Holter monitor recording 
with moricizine at a known dosage. A minimum of 18 of 
24 hours of high quality electrocardiographic data was 
necessary for that Holter to be a qualified study. To 
qualify for entry and moricizine dosing, patients had to 
have at least 30 VPCs/hour on average at baseline. The 





CV HISTORY - ADULTS WITH VEA 


Du Pont (n=1072) 


% of Patients with CV Diseases 


FIGURE 1. The cardiovascular (CV) histo- 
ry of the adult patients treated with mori- 
cizine for ventricular ectopic activity (VEA) 
in the Du Pont-sponsored data base is de- 
picted. CAD = coronary artery disease; 
CHF = congestive heart failure; HT = hy- 
pertension; MI = myocardial infarction; 
Valv. = valvular heart disease. 


effect of moricizine on the suppression of VPCs was 
based on the median or geometric mean percent change 
on moricizine compared with baseline. In addition, drug 
effect was evaluated as the percent of responders taking 
moricizine. A responder was defined as one who demon- 
strated at least a 75% reduction in mean VPCs per hour 
with moricizine at a particular dose compared with base- 
line. A responder for nonsustained VT was defined when 
at least a 90% reduction in the number of beats in the 
form of nonsustained VT occurred with moricizine com- 
pared with baseline. 


RESULTS 

In interrogating the entire moricizine data base, 583 
patients had paired Holter monitoring for evaluation. 
The number of Holter recordings per patient ranged from 
2 to 54 (mean 13). 

Dose effect relations: The initial evaluation of morici- 


| CAD MI CHF HT Valv. p ey 
VEA 


Type of CVD 


zine was conducted in 2 separate protocols in hospitalized 
patients with benign or potentially lethal ventricular ar- 
rhythmias. The first trial included a 5-center evaluation 
of moricizine (study numbers N5 through N9) in which 
73 patients underwent therapy with a fixed daily morici- 
zine dose of 300 to 900 mg/day given 3 times a day over 7 
days after an initial 3 days of placebo baseline monitoring 
to establish entry criteria.* The second protocol involved 2 
sites (N39 and N47) in which 16 patients were dosed with 
moricizine from 900 to 1,650 mg/day given 3 times a day 
for 10 days after a 2- to 3-day placebo baseline. These 
patients also were continuously monitored in the hospital. 
This single-blind placebo-controlled protocol demon- 
strated overall that median VPC frequency was reduced 
66% in studies N5 through N9 and 96% in N39 and N47 
at the higher doses of moricizine. Figure 2 shows the 
dose-response relation derived from the data from these 2 
types of studies. The geometric mean percent reduction in 


DOSE- RESPONSE FOR STUDIES N5-N9, N39 and N47 
GEOMETRIC MEAN PERCENT REDUCTION FROM 
BASELINE vs DOSE 


Percent Reduction from Baseline 


100 


FIGURE 2. The dose response for the 
early dose findings in single-blind pla- 
cebo-controlled trials (at study sites 
NS-N9, N39 and N47) is depicted in 
which the percent reduction from base- 
line in geometric mean for ventricular 
premature complexes compared with 
the daily dose of moricizine is demon- 
strated. 


300 


THE AMERICAN JOURNAL OF CARDIOLOGY FEBRUARY 20, 1990 


95.7% 96.9% 97-8% 


Percent Reduction = [(1-10[-0.058-0.0097(Dose)) x 100] 


450 600 750 900 1050 1200 1350 1500 1850 


Daily Dose (mg) 


27D 





A SYMPOSIUM: ROLE OF MORICIZINE IN MANAGEMENT OF VENTRICULAR ARRHYTHMIAS 


DOSE TITRATION 


Cumulative % Response (n=81) 


Cumulative % of Patients with > 75% in VPC/HR 
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50 29/56 
24% 
9/37 
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1/29 
1050 
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VPCs from baseline is compared with the daily fixed dose 
of moricizine. These data document a progressive dose- 
response relation for moricizine and suggest that doses 
less than 600 mg/day would be considered suboptimal 
with the minimally effective dose at 600 mg/day and the 
optimal range between 600 to 900 mg/day. 

In these 2 trials comprising a total of 89 patients, 23 
patients received 300 to 450 mg/day and 17% were de- 
fined as responders. Among the 51 patients receiving 600 
to 900 mg/day, 57% were declared responders and in the 
15 patients administered more than 900 mg/day, 73% 
were defined as responders. 

A formal dose titration study was conducted (study 
numbers N21 to N25) in 5 sites comprising 88 patients 
using a single-blind, placebo-baseline-controlled outpa- 
tient design. After three 24-hour Holter monitoring ses- 
sions during a 1-week placebo period, qualified patients 
were then given low, then medium, then high doses of 
moricizine depending on the VPC frequency response (48 
hours of Holter monitoring) at the end of each week of 
dosing. Patients received a fixed dose of moricizine based 


TABLE I Cumulative Dose Effect Relation of Moricizine 


Cumulative Percent Responders 
Titration Entire Data Base 
Dose 
Response* 
(n = 89) 


N21-N25 CAPS 


(n = 98) 


VPCs NSVT 


(n = 332) 


* N5—N9; N39 and N47. 
CAPS = Cardiac Arrhythmia Suppression Trial; NSVT = nonsustained ventricular 
tachycardia; VPCs = ventricular premature complexes. 
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FIGURE 3. The dose-titration 

from the titration study at 5 sites N21 
through N25 is depicted for 81 pa- 
tients. A cumulative percent response 
(responders carry forward) for patients 
who reached at least a 75% reduction 
in ventricular premature complexes 
(VPCs) with the drug compared with 
baseline are shown. These data show 
that the daily moricizine optimal dose 
range is from 600 to 900 mg/day. 


93% 


53/57 


>1500 


N21— N25 


on body weight. Figure 3 details the cumulative percent 
response rate in this titration study and again documents 
the optimal dose range of 600 to 900 mg/day with little 
efficacy below 600 mg/day. 

Cumulative dose response analysis: A cross-study 
analysis was performed on the entire moricizine data base 
in 583 patients who had VPCs and at least one 24-hour 
Holter recording at baseline and one 24-hour Holter re- 
cording with moricizine therapy. Three hundred ninety- 
one of these 583 patients (67%) were declared responders, 
having met the criteria of at least a 75% reduction in VPC 
frequency with moricizine compared with baseline. After 
analyzing these data by carrying forward all patients as 
responders receiving higher doses whether or not they 
received that higher dose and carrying backward all non- 
responders to lower doses whether or not they received 
that lower dose, Table I details the cumulative dose-effect 
relation. These data for the entire data base are compared 
with the initial dose response (N5 through N9, N39 and 
N47) and titration data (N21 through N25), as well as 
the Cardiac Arrhythmia Pilot Study, which was a paral- 
lel, placebo-controlled trial in postmyocardial infarction 
patients who received 600 and 750 mg/day of morici- 
zine.* The data again indicate that the optimal dose range 
for moricizine appears to be between 600 and 900 mg/ 
day, with little efficacy below 600 mg/day and with some 
increase in efficacy greater than 900 mg/day. 

In addition, an analysis was conducted on 332 patients 
with nonsustained VT in which the percent of patients 
responding was defined using at least a 90% reduction in 
nonsustained VT frequency with the drug compared with 
baseline. Once again, the 600 to 900 mg/day schedule 
appears to be optimal. 

Dose onset of moricizine: To evaluate the dose onset 
of moricizine, patients with ventricular arrhythmias in 
the entire data base were extracted who had had a 24- 
hour Holter recording on the first day of moricizine dos- 
ing. Because this was a retrospective analysis, some pa- 
tients may not have had Holter monitoring data during 
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FIGURE 4. The dose onset of activity of 
moricizine in nonresponders and respond- 
ers at week 2 (a responder is one who 
reached at least a 75% reduction in ven- 
tricular premature complexes per hour) is 
shown for patients who had Holter record- 
ings on the first day of moricizine dosing. 
Dosing was on a 3-times-a-day basis at 
(0, 8, 16 and then again at 24 hours). The 
onset of antiarrhythmic activity, defined as 
at least a 75% median percent reduction, 
occurs after 16 hours. 
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the first few hours of moricizine therapy on day 1 of 
therapy and some Holter recordings may not have lasted 
a full 24 hours. Figure 4 details the data which demon- 
strate in nonresponders and responders at week 2 of mori- 
cizine therapy that the onset of moricizine activity (as 
judged by the medium percent change in VPC frequency 
from baseline) appears to occur between 16 and 20 hours 
after initiation of therapy. Thus, when starting moricizine 
for patients with ventricular ectopic activity, one would 
not expect to see a significant suppression of VPCs until 
at least the latter half of the first day of dosing. 

Dose offset of moricizine: To evaluate the dose offset 
of moricizine, patients enrolled in the formal titration 
studies who had a Holter monitor placed immediately 
after discontinuation of moricizine that ran for at least 48 
hours were retrospectively collected. Data were available 


! 


for this analysis from the titration studies at centers N9, 
N39 and N47 and from center N41 which evaluated the 
dose interval for moricizine (see later). These inclusion 
criteria were met in 26 responders. Figure 5 shows the 
percent of baseline VPC frequency that was reached with 
regard to the time after discontinuation of moricizine. 
More than 24 hours elapsed before at least 50% of base- 
line VPC frequency reoccurred. 

Time interval for moricizine dosing: A single-blind 
placebo-controlled crossover study in 24 patients was con- 
ducted at 2 centers (study numbers N41 and N45) in 
which patients after a 1-week placebo baseline underwent 
48 hours of Holter monitoring to determine if at least 30 
VPCs/hour were present. Qualifiers were randomized to 
receive a fixed dose of moricizine based on body weight 
for 1 week either as 2- or 3-times-a-day regimen.’ After a 
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FIGURE 5. The dose offset of activity Mee 


of moricizine is demonstrated in 26 re- 

from the early dose-ranging 
trials (N9, N39 and N47) as well as the 
dose interval trial site N41. Twenty-six 

were found who had at 

least 48 hours of Holter monitoring af- 
ter receiving their last dose of morici- 
zine. The dose offset appears to occur 
at approximately 24 hours when 50% 
of mean hourly ventricular premature 
complexes (VPCs) have returned to the 
baseline frequency. 
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FIGURE 6. The 9 responders in the 
dose interval (study sites N41 and 
N45) who received moricizine on a 
twice-a-day basis (B.I.D.) were demon- 
strated in which total ventricular pre- 
mature complexes (VPCs) per hour are 
plotted against the hourly VPC fre- 
quency for moricizine at day 7 of ther- 
apy compared with the placebo period. 
The data demonstrate that in these pa- 
tients the twice-a-day regimen was not 
correlated with any breakthrough in 
VPC frequency. 
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l-week washout, patients were crossed over to the alter- 
nate dosing regimen. Holter monitoring was obtained for 
at least 48 hours to judge therapeutic effect. Of the 24 
patients who entered this trial, 17 completed the 3-times- 
a-day dosing schedule and 18 the 2-times-a-day schedule. 
Overall, 71% of patients responded on the 3-times-a-day 
vs 75% on the 2-times-a-day regimen. The mean percent 
of VPC reduction was 90% for the 3-times-a-day arm and 
95% for the 2-times-a-day arm. 

Figure 6 details the hour-to-hour VPC frequency 
among the responders in the optimal dose group com- 
pared with the placebo baseline. These data show that 
there was no evidence of change in VPC frequency at the 
end of every 12-hour dosing interval, suggesting that mor- 
icizine may be effective as a twice-a-day agent although 
most of the patients in the data base were given a 3-times- 
a-day regimen. 


DISCUSSION 

Evaluation of the pharmacologic properties of antiar- 
rhythmic drugs in patients with ventricular ectopic activi- 
ty requires establishment of careful dose effect relations. 
The data in this manuscript have described the optimal 
dose range, dose onset, dose offset and dosing interval for 
moricizine in patients with benign or potentially lethal 
ventricular arrhythmias. Early dose ranging, single-blind, 
placebo-controlled trials demonstrated that the minimal 
effective dose of moricizine appears to be 600 mg/day 
with increasing efficacy as the dose is increased.?6 This 
increasing efficacy begins to plateau after 900 mg/day. 
Thus, the optimal dose range for moricizine appears to be 
between 600 and 900 mg/day. Although no formal paral- 
lel placebo-controlled dosing study was performed in this 
data base, a study design that probably is the most effec- 
tive way of demonstrating dose effect relations,’ the data 
from the titration studies and the total data base cross- 
study analysis (Table I) were all confirmatory in estab- 
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lishing 600 to 900 mg/day as the optimal dose range for 
moricizine. When these data were compared with data 
from The Cardiac Arrhythmia Suppression Trial,’ a par- 
allel placebo-controlled data base, the comparable dose 
range was demonstrated. Overall, the efficacy of morici- 
zine in 583 patients with paired Holter monitoring data 
was 67%, which is quite comparable for quinidine in 
similar populations and more effective than class IB and 
II antiarrhythmic agents.® 

The onset of moricizine’s antiarrhythmic action ap- 
pears to be about 16 to 20 hours after initiating therapy 
on a 3-times-a-day basis. Because moricizine is highly 
metabolized in the liver to many metabolites, some of 
which are probably active, the full antiarrhythmic effect 
of this agent appears to require this biotransformation.? 
Similarly, the offset of effect of moricizine appears to 
occur after many hours to perhaps a day or more, again 
suggesting that the active metabolites have a prolonged 
biologic half-life. 

In patients with symptomatic ventricular arrhythmias 
requiring antiarrhythmic drug suppression, compliance is 
always an important issue. The data from the dose-inter- 
val trials suggest that moricizine is as effective when 
given twice a day or 3 times a day. This finding is 
consistent with the possibility of a prolonged biologic 
half-life for the active metabolites. More data are needed 
to evaluate the relative safety of 2- vs 3-times-a-day mori- 
cizine use, particularly since most of the safety data in the 
moricizine data base were derived from the 3-times-a-day 
dosing schedule. 

The data described in this manuscript cannot be nec- 
essarily extrapolated to patients with other forms of 
ventricular arrhythmias such as malignant ventricular 
tachyarrhythmias or to patients with supraventricular 
arrhythmias. Antiarrhythmic drugs must be evaluated 
separately in these populations because it is often found 
that lower doses of the antiarrhythmic drug are necessary 





to maintain a favorable efficacy vs safety balance, partic- 
ularly in treating patients with more serious ventricular 
tachyarrhythmias.!° 
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Comparisons of Efficacy and Tolerance of 
Moricizine with Other Antiarrhythmic 
Agents in the Treatment of Chronic 
Ventricular Arrhythmias 


Jeffrey L. Anderson, MD 


Comparative trials of a new drug with standard 
antiarrhythmic agents are important for establish- 
ing relative efficacy and tolerance. For moricizine, 
such trials have included comparisons with pro- 
pranolol, disopyramide and quinidine. Furthermore, 
the Cardiac Arrhythmia Pilot Study compared mor- 
icizine in postinfarction patients with encainide and 
flecainide. These trials show moricizine to be supe- 
rior in efficacy to a 6 blocker (propranolol) and di- 
sopyramide and equivalent to quinidine. Although 
the class IC drugs (encainide and flecainide) 
showed somewhat greater efficacy in the Cardiac 
Arrhythmic Pilot Study, they are now known to in- 
crease the risk of mortality in postinfarction pa- 
tients. Moricizine was also shown to be well toler- 
ated in these trials and associated with fewer dis- 
continuations than propranolol, disopyramide and 
quinidine. Thus, moricizine is a promising new 
agent when profiled against other drugs frequently 
used for therapy of chronic ventricular arrhyth- 
mias. 

(Am J Cardiol 1990;65:32D-40D) 
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agents are critical in new antiarrhythmic drug 

evaluation for establishing absolute and relative ef- 
ficacy and tolerance. This report focuses on comparative 
trials of moricizine with other antiarrhythmic agents.!~> 
These trials have included comparisons with propranolol, 
disopyramide and quinidine. A further important com- 
parison occurred in the Cardiac Arrhythmia Pilot Study 
(CAPS),°’ in which moricizine was compared with the 
potent class IC agents encainide and flecainide, and with 
imipramine, a tricyclic drug with antiarrhythmic proper- 
ties, in postinfarction patients with prognostically impor- 
tant ventricular arrhythmias. These studies are reviewed 
to allow profiling of moricizine among other antiarrhyth- 
mic drugs and drug classes. 


(seen ae trials with placebo and standard 


COMPARISON OF THE EFFICACY AND 
TOLERANCE OF MORICIZINE AND 
PROPRANOLOL, ALONE AND 
IN COMBINATION 

Propranolol is a prototype 6 blocker (Vaughan Wil- 
liams class II) agent that is approved for therapy of 
chronic ventricular arrhythmias. Propranolol and other 6 
blockers share widespread use for a variety of indications, 
including hypertension, angina, postmyocardial infarc- 
tion prophylaxis and antiarrhythmic therapy (both su- 
praventricular and ventricular). A comparison of efficacy 
and tolerance of new antiarrhythmic agents with 6 
blockers is thus of interest. Evaluation of combination as 
well as individual therapy is appropriate, given the wide- 
spread use of propranolol in antiarrhythmic combinations 
as well as its other indications in populations of patients 
who are often candidates for antiarrhythmic drug thera- 
py. Such a study has been performed for moricizine and 
propranolol.! 


METHODS 

Study design (Fig. 1): A comparison of moricizine 
and propranolol was conducted in a study in 2 parts (EN / 
313-N-28).! Part I was a double-blind, placebo, baseline- 
controlled, within-patient, crossover design, comparing 
moricizine, propranolol, and their combination. The 
crossover periods consisted of four 1-week placebo peri- 
ods (weeks 1, 3, 5 and 7) and three 1-week active drug 
periods (weeks 2, 4 and 6) (Fig. 1). The 3 active treat- 
ments were administered in a randomly assigned se- 
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FIGURE 1. Study design for trial comparing moricizine, propranolol, and their combination.! ADR = adverse drug reaction; 
CVD = cardiovascular disease; VEA = ventricular ectopic activity; VPD = ventricular premature depolarization. 


quence. A second part consisted of a long-term (to 2 
years) evaluation of efficacy and tolerance using an open 
design. Patients in whom moricizine or moricizine plus 
propranolol was efficacious and well tolerated in part I 
were allowed to continue to take the drug and their re- 
sponse during chronic therapy was monitored. Efficacy 
was defined as =75% reduction from baseline in mean 
frequency of total ventricular premature complexes 
(VPCs) per hour. 

Dose schedule: Study medication was administered 3 
times daily (every 8 hours) in equally divided doses. Total 
daily dosage for propranolol hydrochloride was 120 mg, 
and for moricizine, 600, 750 or 900 mg, approximating 
10 mg/kg/day (range 9.4 to 12 mg/kg/day). Average 
moricizine dose was 800 mg/day. Doses were divided on 
a 3-times-a-day basis. 

Study group: Twenty-six men (average age 60.4 
years, range 50 to 72) with prognostically important ven- 
tricular arrhythmias (complex arrhythmias occurring in 
the setting of organic heart disease, such as coronary 
artery disease [n = 25]), were entered into the study. Of 
these, 15 (58%) had previously undergone trials with 
other antiarrhythmic agents with unsatisfactory results. 
Of the 26 patients, 21 completed part I, and 20 were 
analyzable for efficacy during all 3 active treatment peri- 
ods (in 2, an adverse drug reaction to propranolol forced 
discontinuation). Sixteen patients entered part II and 8 
had data available at 1 month for analysis. 
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RESULTS 

Part | (double-blind, placebo, baseline-controlled, 
crossover) (Fig. 2): Moricizine had a twofold advantage 
over propranolol in average decrease in total VPCs per 
hour and an even greater advantage in the number (%) of 
patients who achieved the efficacy criterion of 275% 
arrhythmia reduction. Combined therapy was only 
slightly more effective than moricizine alone. Moricizine 
achieved an 86% average decrease in total VPCs per 
hour, propranolol 41% and combined therapy 90%. Four- 
teen (70%) of the patients treated with moricizine 
reached or exceeded the 75% efficacy criterion for sup- 
pression, compared with only 2 (10%) with propranolol. 

Serious adverse reactions occurred more often with 
propranolol than moricizine. Any adverse experience oc- 
curred in approximately one-half of patients during the 
study (12 of 21 [57%] during moricizine therapy, 10 of 24 
[42%] during propranolol therapy, and 11 of 23 [48%] 
during combination therapy). Discontinuation was re- 
quired in 2 patients during propranolol therapy, and the 2 
patients having proarrhythmia were both receiving pro- 
pranolol. Mean blood pressure tended to increasë during 
moricizine (7 mm Hg) and decrease during propranolol 
(p <0.05). Pulse rates also increased slightly after morici- 
zine (+6 beats/min) and decreased after propranolol (—9 
beats/min, p <0.05). Combination therapy resulted in a 
significant reduction in mean pulse rate and blood pres- 
sure. Propranolol also tended to decrease cardiac index. 
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FIGURE 2. Response of ventricular premature complexes (VPCs) to therapy with moricizine, propranolol, and their combination. 


NS = not significant; VT = ventricular tachycardia. 


Moricizine did not significantly affect cardiac index or 
left ventricular function. Each of the 3 therapies length- 
ened PR interval within the normal range. Other electro- 
cardiographic intervals did not change with either thera- 
py tested alone; however, mean QRS lengthened some- 
what (9 ms) during combined dosing. 

Part Il (long-term dosing): Data from the open-label 
dosing experience was limited. In 6 patients receiving 
moricizine alone, reduction of VPCs averaged 93% at 1 
month, 92% at 3 months and 82% at 6 months (n = 5). 
Two patients completing 1 month of combined therapy 
had an average reduction in VPCs of 57%. Two other 
patients died during part II: 1 had an acute myocardial 
infarction and the other died suddenly because of an 
ischemia-related cardiac arrhythmia. 

Conclusion: Compared with propranolol, a standard 6 
blocker used for therapy of ventricular arrhythmias, mor- 
icizine was more effective and caused fewer discontinua- 
tions. Concomitant administration of propranolol was 
safe, added a slight but statistically insignificant increase 
in efficacy, and moderated the divergent effects on pulse 
and blood pressure seen with the individual agents alone. 
The 2 deaths during long-term therapy with moricizine 
were not believed to be related to therapy. 


EFFICACY AND TOLERANCE OF MORICIZINE 
COMPARED WITH DISOPYRAMIDE 
FOR NON-LIFE-THREATENING 
VENTRICULAR ARRHYTHMIAS 

Disopyramide is a well-studied class IA antiarrhyth- 
mic agent with little organ-toxic potential that is an ap- 
propriate comparative standard for studies in patients 
with non-life-threatening ventricular arrhythmias re- 
quiring chronic therapy. Such a comparative study with 
moricizine (EN /313-N-31) has been performed.” 


34D THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


METHODS 

Study design (Fig. 3): A double-blind, placebo-con- 
trolled, within-patient, crossover design was selected to 
compare the safety and efficacy of orally administered 
moricizine and disopyramide in outpatients with chronic, 
non-life-threatening ventricular arrhythmias. The study 
was a 37-day trial conducted in 4 phases: (1) a 7-day 
placebo phase, (2) a 10-day dosing phase with the first 
active drug, (3) a 10-day placebo washout phase, and (4) 
a 10-day dosing phase on the second active drug. A 275% 
reduction from the preceding placebo baseline phase in 
mean hourly frequency of total VPCs was used to define a 
successful clinical response in individual patients. Effica- 
cy was assessed on the last 3 days of each active drug 
dosing phase (days 8 to 10). The response of paired VPCs 
and runs of nonsustained ventricular tachycardia (VT) 
were secondary outcome variables. During dosing, 1 pa- 
tient discontinued disopyramide and 1 moricizine be- 
cause of adverse reactions. 

Drug dosing: Dosing sequence was randomly distrib- 
uted between the 2 active drugs. Disopyramide was ad- 
ministered in a total oral daily dose of 600 mg, divided 
equally into 4 doses given at 6-hour intervals. A total 
daily dosage of moricizine of either 600, 750 or 900 mg 
was selected, based on individual patient body weight to 
approximate 10 mg/kg/day (range 7.4 to 11.2 mg/kg/ 
day). Average dose was 800 mg/day, divided into 3 equal 
doses. 

Study group: Thirty-three outpatients (22 men and 
11 women, average age 55.7 years, range 28 to 76) were 
enrolled. Most patients (n = 22) were symptomatic, and 
virtually all (n = 32) had associated cardiovascular con- 
ditions, including hypertension (n = 15), coronary artery 
disease (n = 13), previous myocardial infarction (n = 10) 
or mitral valve prolapse (n = 6). Arrhythmias were clas- 
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FIGURE 3. Study design for trial comparing moricizine and disopyramide. ETH = ethmozine (moricizine); LVEF = left ventricular 
ejection fraction; other abbreviations as in Figure 1. 


sified as benign (symptomatic) in 5, and prognostically RESULTS (FIG. 4) 

important (potentially lethal) in the others. Twenty-nine An analysis both of all 29 completing patients (overall 
patients completed the 4 dosing phases and had data or secondary analysis) and of 20 patients who had not had 
available for complete efficacy analysis. (Two were ex- prior exposure to moricizine or disopyramide (restricted 
cluded during the placebo phase because of insufficient or primary analysis) was performed. The efficacy of mor- 
arrhythmia or failure to meet entry criteria.) icizine was superior to disopyramide both in terms of 
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FIGURE 5. Study design for comparison of moricizine and quinidine. Pot. = potentially; other abbrevations as in Figure 1. 


average percent VPC reduction and in percent of patients 
effectively suppressed. Results were similar for the 
overall (n = 29) and primary (n = 20) patient-based 
analyses. Reduction in total VPCs per hour averaged 
90% for moricizine compared with 65% for disopyramide 
(n = 29). 

A clinical response was obtained in 52% (15 of 29) of 
patients during moricizine therapy, compared with 31% 
(9 of 29) during disopyramide. Suppression of paired 
VPCs averaged 81 and 78%, respectively. Nonsustained 
VT was abolished in 67 and 65% of patients, respectively. 

No deaths occurred during the study. Two patients 
discontinued therapy because of adverse experiences: 1 
during disopyramide therapy because of urinary reten- 
tion and 1 during moricizine therapy because of exacer- 
bation of preexisting congestive heart failure (considered 
to be nondrug related). Subjective complaints were regis- 
tered by substantially more patients during disopyramide 
(18 = 58%) than during moricizine dosing (6 = 20%). 
Neither drug produced clinically significant hemody- 
namic or functional changes (assessed echocardiographi- 
cally). Blood pressure and pulse rates increased slightly 
during administration of moricizine. Disopyramide de- 
creased pulse rate slightly. Ventricular repolarization 
(QTc interval) was prolonged with disopyramide but 
shortened slightly during moricizine therapy. 

Conclusions: Compared with disopyramide (dose 600 
mg/day), moricizine (800 mg/day) produced a signifi- 
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cantly greater reduction in chronic ventricular arrhyth- 
mias and was associated with a lower incidence of drug- 
related adverse effects. 


COMPARISONS OF MORICIZINE WITH 
QUINIDINE IN PATIENTS WITH 
NON-LIFE-THREATENING 
VENTRICULAR ARRHYTHMIAS 

Quinidine, the oldest and most widely used antiar- 
rhythmic represents an important standard for compari- 
son with new antiarrhythmic agents. Because quinidine 
has served as a comparative standard for all recently 
developed antiarrhythmic drugs, it can also be used as an 
indirect index of efficacy and safety, interrelating the 
many antiarrhythmic agents.* Comparative studies with 
quinidine have formed an important part of the develop- 
ment program for moricizine. 


METHODS 

Study design (Fig. 5): Study EN/313-N-46 com- 
pared the efficacy and safety of moricizine with quinidine 
sulfate in a 7-week study with a randomized, double- 
blind, placebo-controlled crossover design.> The crossover 
phase consisted of 5 periods: periods 1, 3 and 5 were 1- 
week placebo-dosing intervals, and periods 2 and 4 were 
2-week active drug treatment phases in which patients 
received moricizine and quinidine in randomized order. A 
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FIGURE 6. Response of ventricular premature complexes (VPCs) to therapy with moricizine vs quinidine. Abbreviations as in 


Figures 1 and 2. 


4-year, open-label moricizine extension phase followed 
the controlled trial. 

Study medications: Moricizine was administered dai- 
ly in 3 equally divided doses based on body weight (10 to 
12 mg/kg/day). Permissible dosage range was 600 to 
1,200 mg/day, with an intended average of about 900 
mg/day (actual mean 875 mg/day). Quinidine was ad- 
ministered as the sulfate salt, given in 4 equally divided 
doses at 1,200 mg/day during the first week, and an 
adjusted dosage (based on tolerance) of 1,200 mg/day 
(n= 17) or 1,600 mg/day (n= 5) during the second 
week. 

Study group: Thirty-five patients entered the morici- 
zine-quinidine comparative trial (24 men and 11 women, 
average age 55.7 years, range 24 to 70). Arrhythmias 
were Classified as symptomatic or prognostically impor- 
tant, or. both; only 3 were in the benign risk category. 
Nearly one-half of the patients (16 of 35) had received 
prior antiarrhythmic agents (mean 2.8, range 1 to 6). 
Associated cardiovascular diagnoses were present in 33 
patients and included hypertension in 49% and chronic 
ischemic heart disease in 46%. Of 35 entering patients, 30 
completed the crossover phase, 4 were withdrawn for 
insufficient arrhythmia or personal reasons, and 1 be- 
cause of an adverse drug reaction. Twelve patients en- 
tered the extension phase and 5 were ongoing at a dura- 
tion of dosing of 113 to 917 days. 
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RESULTS (FIG. 6) 

Efficacy: Moricizine (mean 875 mg/day) and quini- 
dine (mean 1,300 mg/day) were equally effective in ven- 
tricular arrhythmia suppression. Geometric mean per- 
cent reduction in VPCs per hour during week 1 was 96% 
during moricizine and 92% during quinidine therapy; 
during week 2 (end point analysis) it was 95% during 
moricizine and (identically) 95% during quinidine thera- 
py. Of 21 patients with paired, analyzable data for all 
treatment periods during the crossover phase, 67% re- 
sponded to moricizine (275% reduction of total VPCs 
per hour) and 71% to quinidine at the end point. 

Treatment of nonsustained VT was reduced by an 
identical 90% rate with each drug, and VT abolition was 
achieved in 57% of patients in each group. Ten patients 
had analyzable data in the extension phase. Moricizine 
was consistently efficacious in all but 1 patient for-up to 
36 months of follow-up. 

Safety: During the crossover phase, at least 1 adverse 
experience was reported in 21 patients taking quinidine, 
18 taking moricizine and 5 taking placebo. Of 30 patients 
completing the crossover phase, 7 subsequently discontin- 
ued quinidine, 3 moricizine, and 3 both drugs because of 
adverse effects. (Two additional, noncompleting patients 
also discontinued therapy for adverse reactions, | taking 
each drug.) Dizziness, gastrointestinal disturbance and 
fatigue were the most frequent subjective complaints with 
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Responders 


No (%) 
(n = 347) 


No. Patients First Drug 
(n= 502) (Daily Dose) 





Nonresponders 


No Reassigned 
(n = 155) Drug 





Moricizine 
(600. 750. 900 mg) 
53 (52) 
Imipramine 
(150, 250, 350 mg) 


Placebo! 
VT-NS Event > 5 
LVEF > 20°. | 


99 
—— Encainide 


| (105, 150. 180 mg) 





103 
Flecainide 


(200. 300. 400 mg) 


FIGURE 7. Randomization 
scheme and initial patient 
outcome in the Cardiac Ar- 
rhythmia Pilot Study (CAPS). 
AMI = acute myocardial in- 
farction; ENC = encainide; 
FLE = flecainide; IMI = imi- 
pramine; LVEF = left ventric- 
ular ejection fraction; MOR- 
= moricizine; PLA = placebo; 
other abbreviations as in Fig- 
ures 1 and 2. 











"Statistical significance (p = O 001) from placebc 
' Patients on placebo had approximately twice as many Holters as patients on drug 
hence. they had approximately twice the chance of showing efficacy 


moricizine, and gastrointestinal disturbance and fatigue 
were the most common complaints with quinidine. Sig- 
nificant differences in adverse-effect profile included diz- 
ziness with moricizine and diarrhea with quinidine. Mild 
hepatitis was induced by quinidine in 1 patient. New 
rhythm disturbances included left bundle branch block 
with moricizine and junctional escape rhythm with quini- 
dine. Moricizine caused increases in ventricular depo- 
larization (QRS interval prolongation) and quinidine 
caused increases in ventricular repolarization (QT inter- 
val). During the extension phase, 2 patients discontinued 
taking moricizine because of drug-related adverse reac- 
tions. 

Other comparisons: In an earlier comparison (study 
N10) of moricizine in lower doses (600 to 900 mg/day) 
and quinidine in higher doses (1,600 mg/day), a good but 
somewhat lower VPC response and comparative efficacy 
rate was observed with moricizine: geometric mean per- 
cent VPC reduction was 68% for moricizine (n = 23) and 
89% for quinidine therapy (n = 24).8 

Conclusion: These data indicate that moricizine in 
higher dosages (mean 900 mg/day) achieves efficacy 
comparable to that of quinidine, titrated to tolerance 
(1,300 mg/day), in reducing ventricular arrhythmias but 
shows a different adverse effect profile, including fewer 
reactions requiring drug discontinuation. 


CAPS 

CAPS*.’ and the ongoing Cardiac Arrhythmia Sup- 
pression Trial (CAST) form crucial tests of antiarrhyth- 
mic drug efficacy and safety in postmyocardial infarction 
patients with prognostically important ventricular ar- 
rhythmias. In CAPS, 4 active agents and placebo were 
selected for testing among the approved and available 
investigational agents in 1983 that were judged to show 
the most promise for achieving and maintaining arrhyth- 
mia suppression and drug tolerance in 70% or more of 
patients during initial testing and long-term therapy (at 
east 1 year). The 4 agents selected by the multicenter 
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CAPS investigators included moricizine, encainide, fle- 
cainide and imipramine. Standard agents were consid- 
ered, but believed to have already been sufficiently tested 
to indicate an inadequately promising benefit /risk ratio. 
The specific purpose of CAPS was to determine the feasi- 
bility of conducting a full-scale trial to test the hypothesis 
that survival is improved by long-term suppression of 
ventricular arrhythmias after acute myocardial infarc- 
tion. An important objective of CAPS was to determine 
the extent to which the specific drug regimen selected 
could successfully suppress ventricular arrhythmias. 


METHODS 

Study design and patient selection: CAPS was a dou- 
ble-blind, placebo-controlled, randomized trial conduct- 
ed at 10 clinical centers in the United States and Canada. 
The trial was divided into 3 main phases, including (1) 
patient recruitment, (2) drug/dose selection, and (3) 1 
year follow-up. 

Patients were eligible if they had a documented acute 
myocardial infarction within 6 to 60 days of enrollment, 
were younger than age 76 years, demonstrated 210 
VPCs/hour or =5 episodes of nonsustained (<10 beats) 
VT on a qualifying 24-hour ambulatory electrocardio- 
gram (Holter), and had a left ventricular ejection fraction 
of 220%. 

Qualifying patients were assigned to therapy with 1 of 
the 4 active treatment drugs or placebo (Fig. 7). Drugs 
and placebo were titrated up to 3 doses to achieve the 
suppression goal of >70% reduction in VPCs and =90 to 
100% reduction in nonsustained VT events without intol- 
erable side effects. If titration in the CAPS drug no. 1 
resulted in intolerance or inefficacy, rerandomization toa 
second drug occurred. Patients who began therapy with 
class IC drugs (encainide or flecainide) were crossed over 
to non-I[C drugs (moricizine or imipramine) and vice 
versa. Placebo patients were reassigned to placebo. When 
an effective or preferred drug and dose were found, pa- 
tients entered a 1-year follow-up phase, during which 24- 





TABLE | Results of the Cardiac Arrhythmia Pilot Study 


Initial Phase (Dose-Finding) 


Intolerable Effects (% Pts.) 


Efficacy (% Pts.) Proarrhythmia 


Encainide 
Flecainide 
Imipramine 
Moricizine 
Placebo 
* Initially assigned drug (drug 1). 


t Number of patients taking drug 1 at end of dosing. 
t Efficacy of drug 1 (average over first year). 


Other 


Follow-Up Phase (to 1 Year) 
Withdrawals (% Pts.) 


Efficacy (% Pts.)* 


$ Number of patients withdrawn compared with number of patients taking drug 1 at end of dosing. 


Misc. = miscellaneous. 


hour Holter recordings and clinic visits were performed at 
3, 6, 9 and 12 months, during continued blinded therapy. 

Study population: Of 10,734 screened, age-eligible 
patients with myocardial infarction, 502 qualified, con- 
sented and were randomized to CAPS therapy. Most of 
the patients (83%) were men (average age 59 + 9 years, 
range 21 to 74). Thirty-four percent had nonsustained 
VT on baseline Holter monitoring, and 35% had substan- 
tial depression in left ventricular function (ejection frac- 
tion <0.40). Baseline patient characteristics were distrib- 
uted remarkably evenly across the 5 initial CAPS ran- 
domization groups.’ 

Drug dosage: All drugs were administered in divided 
doses 3 times daily. For moricizine, daily doses were 600, 
750 and 900 mg/day. For flecainide, doses were 200, 300 
and 400 mg/day. Encainide doses were 105, 150 and 180 
mg/day. Imipramine was given in doses of 150, 225 and 
375 mg/day. 


RESULTS 

Initial response in number (%) of patients meeting 
CAPS efficacy criteria by drug-1 assignment is listed in 
Table I and Figure 7.° In addition, geometric mean re- 
duction in rates of total VPCs at the end of titration are 
given. The response rate of moricizine was intermediate 
between that of imipramine and placebo (the least effec- 
tive drug) and that of encainide and flecainide (class IC 
agents). Reductions in nonsustained VT events by active 
therapy, particularly with moricizine, flecainide and en- 
cainide, compared with placebo, were particularly im- 
pressive (>90 vs 70%) (p <0.01). Patients with a prior 
history of heart failure or an ejection fraction of <0.40 
responded to moricizine as well as or better than patients 
did to encainide/flecainide. 

During the long-term follow-up phase, responses par- 
alleled those of initial therapy, with approximately 5 to 
10% reductions from initial rates in all groups (Table I). 

Safety: Of entered patients, 431 (86%) completed the 
l-year trial and 71 (14%) terminated prematurely be- 
cause of refusal to continue in 27, loss to follow-up in 4, 
and death in 40. In addition, 168 patients (33%) discon- 
tinued their assigned CAPS drug before study comple- 
tion because of adverse effects, disqualifying VT or proar- 
rhythmia, or patient refusal. Overall, adverse effects were 
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reported no more frequently with moricizine than with 
placebo, both short- and long-term. Flecainide and encai- 
nide were also well tolerated, in contrast to imipramine. 
During short-term dosing, however, slightly more pa- 
tients taking moricizine than placebo reported dizziness 
(37 vs 29%), nausea (13 vs 7%) and fever (6 vs 2%). 
During long-term follow-up, fatigue, dizziness and nau- 
sea were reported with slightly greater (2 to 10%) fre- 
quency with the drug than with placebo. The study was 
not designed as a mortality trial, and these events were far 
too infrequent to establish even reasonable trends with 
respect to potential mortality benefits or risks of the indi- 
vidual therapy arms. Rates of monitor-defined proar- 
rhythmia were low, both in absolute terms and compared 
with placebo, in all active treatment arms. The risk of 
developing new or increased heart failure was greatest 
during therapy with flecainide and similar to or less than 
therapy with placebo on the other drugs, including mori- 
cizine. 

Conclusions: CAPS demonstrated the feasibility of 
recruiting and successfully treating patients with myocar- 
dial infarction with 3 of the active treatment arms tested 
(moricizine, encainide and flecainide). Short-term effica- 
cy with moricizine was substantially greater than that 
with placebo, both in percent of patients reaching previ- 
ously defined levels of suppression and geometric mean 
VPC and nonsustained VT reductions. Long-term (1 
year) evaluations documented significantly greater anti- 
arrhythmic activity in moricizine- than in placebo-treat- 
ed patients. CAPS also provided the reassuring result 
that the sum of serious adverse events (death/cardiac 
arrest, proarrhythmia, sustained VT, congestive heart 
failure) occurred less often during moricizine than during 
placebo therapy. Compared with placebo, mean PR and 
QRS intervals in this population were slightly prolonged 
during moricizine therapy, but mean QTc interval short- 
ened slightly. 


CAST 

Based on their favorable efficacy/tolerance perfor- 
mance in CAPS, moricizine, flecainide and encainide 
were chosen for evaluation in CAST.’ Although this trial 
is still ongoing, 2 important results are already apparent. 
First, despite high rates of VPC suppression and good 
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tolerance (with respect to noncardiac adverse effects), the 
class IC agents encainide and flecainide increased risk 
(by 2.5-fold for total death or cardiac arrest, and 3.6-fold 
for arrhythmic deaths/cardiac arrest). On April 17, 
1989, the CAST data and safety monitoring board rec- 
ommended (1) discontinuation of the arms with class IC 
antiarrhythmic action (encainide/flecainide), and (2) 
continuing therapy in the moricizine arm, which did not 
share this adverse trend. Data for moricizine remain 
blinded; however, it was stated that no significant differ- 
ence was present (in either direction) with respect to 
moricizine vs placebo mortality. These results emphasize 
the need to evaluate each antiarrhythmic drug and drug 
class separately for effects on mortality in the postinfarct 
population. Because of its position in CAST, moricizine is 
the only other class I antiarrhythmic agent for which 
mortality results will be available in the near future (and 
the only one for which a beneficial effect may possibly be 
shown). 


CONCLUSIONS 

These comparative trials indicate that moricizine is 
a promising new antiarrhythmic agent when profiled 
against other drugs frequently used for therapy of chronic 
ventricular arrhythmias. In efficacy, moricizine is superi- 
or to 8-blocking therapy (propranolol) and to some class I 
agents (i.e., disopyramide) and is equivalent to quinidine. 
Although moricizine is somewhat less effective in a dos- 
age of 600 to 750 mg/day than the class IC agents encai- 
nide and flecainide, these class IC drugs are now known 
to increase risk in postinfarction patients.’ Moricizine is 
also a well-tolerated antiarrhythmic agent. Therapy with 
moricizine is associated with fewer discontinuations than 
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with propranolol, disopyramide and quinidine. Whether a 
favorable mortality effect can be achieved by therapy 
with moricizine (or any other class I agent) in patients 
with prognostically important ventricular arrhythmias is 
unknown but is being tested. However, the potential for 
adverse mortality effects, recently shown for encainide/ 
flecainide, has not been suggested for moricizine. This 
favorable profile makes moricizine an agent of unique 
interest. 


REFERENCES 


1. Butman SM, Knoll ML, Gordin JM. Comparison of ethmozine to propranolol 
and the combination for ventricular arrhythmias. Am J Cardiol 1987 ;60:603- 
607. 

2. Pratt CM, Young JB, Francis MJ, Taylor AA, Morton HJ, English L, Mann 
DE, Kopelen H, Quinones MA, Roberts R. Comparative effect of disopyramide 
and ethmozine in suppressing complex ventricular arrhythmias by use of a double- 
blind, placebo-controlled, longitudinal crossover design. Circulation 1984;69:288- 
297. 

3. Pratt CM, Butman SM, Young JB, Knoll M, English L. Antiarrhythmic 
efficacy of ethmozine (moricizine HCI) compared with disopyramide and pro- 
pranolol. Am J Cardiol 1987;60:52F-58F. 

4. Anderson JL. Criteria for selection of oral drug therapy in chronic ventricular 
arrhythmia. Mod Med 1987,55:48-66. 

5. Kennedy HL, DeMaria AN, Sprague MK, Weene RD, Reed RM, Janosik 
DL, Buckingham TA. Comparative efficacy of moricizine and quinidine for 
benign and potentially lethal ventricular arrhythmia. Am J Noninvasive Cardiol 
1988;2:98-105. 

6. The Cardiac Arrhythmia Pilot Study (CAPS) Investigators. Effects of encai- 
nide, flecainide, imipramine and moricizine on ventricular arrhythmias during the 
year after myocardial infarction: the CAPS. Am J Cardiol 1988;61:501-509. 
7. The Cardiac Arrhythmia Pilot Study (CAPS) Investigators. Recruitment and 
baseline description of patients in the cardiac arrhythmia pilot study. Am J 
Cardiol 1988;61:704-713. 

8. Morganroth J, Orth DW, Dunkman WB, Pearlman AS, Horowitz LN, Jo- 
sephson ME, Kastor JA. Comparative antiarrhythmic efficacy and tolerance of 
ethmozine and quinidine. Circulation 1978,;1I-103:57-58. 

9. The Cardiac Arrhythmia Suppression Trial (CAST) Investigators. Prelimi- 
nary report: effect of encainide and flecainide on mortality in a randomized trial of 
arrhythmia suppression after myocardial infarction. N Engl J Med 1989;321: 
406-412. 





Efficacy of Moricizine in Malignant 
Ventricular Arrhythmias 


Leonard N. Horowitz, MD 


Moricizine hydrochloride has been shown to be ef- 
fective in the treatment of a variety of ventricular 
arrhythmias. It has been evaluated for the treat- 
ment of malignant ventricular arrhythmias in sever- 
al hundred patients. When assessed by noninvasive 
techniques, moricizine effectively suppresses spon- 
taneous unsustained ventricular tachycardia (VT) in 
approximately 60% of patients. Efficacy is sus- 
tained during long-term therapy. Evaluation of 
moricizine therapy for sustained VT using pro- 
grammed stimulation has been carefully performed 
in more than 100 patients. The initiation of sus- 
tained VT is suppressed in 20 to 25% of patients. 
Moricizine is generally well tolerated. Because of 
its minimal effects on left ventricular function, a 
common clinical problem in patients with malignant 
ventricular arrhythmias and relatively low potential 
for proarrhythmia, moricizine has a role in the 
treatment of malignant ventricular arrhythmias in 
selected patients. 

(Am J Cardiol 1990;65:41D-—46D) 
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oricizine hydrochloride has been shown to be 
Mets in the treatment of various forms of 

ventricular ectopic activity. Because it has an 
acceptable side-effect profile, a low incidence of proar- 
rhythmia, and modest effects on left ventricular (LV) 
function and intraventricular conduction, it appears well 
suited for treatment of patients with malignant ventricu- 
lar arrhythmia. !? These patients frequently have LV dys- 
function and atrioventricular (AV) conduction distur- 
bances which may limit the use of certain antiarrhythmic 
drugs. The present review was undertaken to evaluate the 
efficacy of moricizine in patients with malignant ventric- 
ular arrhythmias. 


METHODS 

The moricizine data base containing information on 
patients with malignant ventricular arrhythmias treated 
with moricizine was reviewed and pertinent data were 
extracted and presented in this review.** The patient 
population, study design, results and statistical analyses 
are presented in this report. In addition, a review of pub- 
lished reports was performed and pertinent publications 
are incorported into this report. 


DEFINITIONS 

Malignant (lethal) ventricular arrhythmias were con- 
sidered sustained ventricular tachycardia (VT) (215 
complexes of VT), ventricular flutter and ventricular fi- 
brillation. Potentially malignant (lethal) ventricular ar- 
rhythmias were symptomatic unsustained VT associated 
with significant structural heart disease. In patients 
with these latter symptoms, LV dysfunction was typically 
present. 

The efficacy of moricizine therapy was assessed by 
either noninvasive or invasive techniques. Noninvasive 
evaluation included 24-hour Holter monitoring or exer- 
cise stress testing, or both. The criteria for efficacy of 
Holter monitoring was a >75% reduction in the frequen- 
cy of ventricular premature complexes (VPCs) and elimi- 
nation of sustained VT when the Holter monitor recorded 
during moricizine administration was compared with the 
baseline recording. The criteria for efficacy during exer- 
cise testing was 250% reduction in VPCs, 290% reduc- 
tion of couplets and elimination of VT. 

The efficiency of moricizine therapy was evaluated 
with invasive techniques using standard electrophysiolog- 
ic techniques and programmed electrical stimulation. 
The response to programmed stimulation during morici- 
zine administration was compared with the baseline 
study. Noninducible VT was defined as initiation of <15 
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complexes of VT during moricizine therapy. If the VT 
was initiated by 1 or 2 extrastimuli during the baseline 
study, the VT was considered noninducible if <15 com- 
plexes were induced by 1 and 2 extrastimuli. If sustained 
VT was initiated by 3 extrastimuli, the arrhythmia was 
considered noninducible. If VT induction required 3 ex- 
trastimuli at baseline, a noninducible response with mori- 
cizine required that <15 complexes of VT were induced 
with at least 3 extrastimuli. Initiation of a slower but still 
sustained VT was not considered a partial response in this 


analysis. 


NONINVASIVE EVALUATION OF 
PATIENTS WITH LIFE-THREATENING 
VENTRICULAR ARRHYTHMIAS 

In patients with life-threatening ventricular arrhyth- 
mias, the long-term safety and efficacy of moricizine 
assessed by noninvasive monitoring was studied. Forty- 
six patients were enrolled in this study. Malignant ar- 
rhythmias were present in 18 patients and potentially 
malignant arrhythmias were present in 28. The arrhyth- 
mias had proved refractory to 1 to 6 previous trials of 
antiarrhythmic therapy. Congestive heart failure was 
present in 67% of the patients. LV ejection fractions 
ranged from 0.12 to 0.70 (mean 0.36). Seventy-four per- 
cent of the patients had an ejection fraction =0.30. After 
a placebo period, the patients received moricizine in a 
daily dose of 600 to 1,500 mg/day. The mean dose was 
822 mg/day (mean 10.4 mg/kg/day). 

The primary efficacy analysis in this study was based 
on the suppression of unsustained VT when comparing 
baseline with recordings during treatment. Efficacy was 
noted in 27 of 45 patients (60%). No change was noted in 
16 patients (36%) and the arrhythmia worsened in 2 
patients (4%). The change from baseline was statistically 
significant (p <0.01). Improvement was noted in 43% of 
patients with unsustained VT at baseline and in 93% of 
patients with sustained VT. 

Ambient ventricular arrhythmias were significantly 
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FIGURE 1. Noninvasive evaluation 
of moricizine in patients with life- 
threatening ventricular arrhyth- 
mias. Mean number of ventricular 
tachycardia (VT) complexes per 
hour are shown on the ordinate. 
Columns from left to right repre- 
sent the baseline Holter monitor re- 
cording results during the placebo 
phase and the Holter monitor re- 
sults at the end of the first week of 
moricizine therapy; the /ast column 
represents the results of the last in- 
hospital day monitoring during mor- 
icizine therapy. Note that significant 
suppression of VT occurred during 
both monitoring sessions of the in- 
Moricizine hospital phase. 
Last Day 


In-Hospital Phase 


reduced during the in-hospital phase of this study (Fig. 
1). The mean VT complexes per hour were reduced by 97 
to 98%, and the number of VT events was reduced by 
96%. The mean total VPC frequency was also significant- 
ly reduced (94%). During the inpatient phase of this 
study, 30 of 46 patients (65%) had a >75% reduction in 
total VPC frequency. 

The suppression of ambient ventricular ectopy was 
maintained during the 1-year follow-up of this study (Fig. 
2). Significant VPC, ventricular couplet and VT suppres- 
sion (94, 99 and 99%, respectively) were observed. 

During this study, 42 of 48 patients reported at least 1 
adverse experience. Most were minor and included dizzi- 
ness, headache and nausea. In 4 patients, moricizine was 
discontinued because of proarrhythmia and 1 death was 
attributable to proarrhythmia. The 7 additional deaths in 
this study were not attributed to moricizine therapy. 
There was no evidence of worsening of heart failure in the 
study. 

Electrocardiographic changes were not infrequent. 
Thirteen of 48 patients (27%) had first-degree AV block 
during moricizine administration. Left bundle branch 
block developed in 3 patients during the study. 

During the inpatient phase of this study, 15 patients 
discontinued therapy. In 6 this was due to lack of efficacy, 
in 3 proarrhythmia, in 2 death, and in 4 other causes were 
present. In the outpatient phase, 15 of 33 patients (45%) 
discontinued moricizine therapy. Discontinuation was 
due to loss of efficacy in 3, adverse reactions in 6, arrhyth- 
mic death in 2 and nonarrhythmic death in 3. 


MORICIZINE COMPASSIONATE-USE STUDY 
The moricizine compassionate-use study in patients 
with life-threatening arrhythmias was a multicenter, 
open-label study to evaluate moricizine in patients with 
life-threatening ventricular arrhythmias in whom mar- 
keted antiarrhythmic agents had been ineffective, not 
tolerated or contraindicated. An in-hospital initiation and 
titration phase was followed by a long-term outpatient 
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FIGURE 2. Noninvasive evaluation 
of moricizine in patients with life- 
threatening ventricular arrhyth- 
mias. This graph depicts the results 
of moricizine therapy in suppression 
of ventricular premature complexes 
(VPCs) and ventricular couplets. 
Mean percent reduction of VPCs 
and ventricular couplets from the 
baseline Holter monitoring session 
are shown on the ordinate. Results 
at 1 week, 2 weeks, 6 months and 
12 months of moricizine therapy in 
patients with life-threatening ven- 
tricular arrhythmia are shown on 
the abscissa. Geom = geometric. 








Geom Mean % Reduction of Total and Paired VPCs from Baseline 


89%* 


*Significantly different from baseline, P<0.01 





treatment phase in initial responders. In this study, effica- 
cy criteria were determined by individual investigators. In 
addition, a global assessment of each patient was request- 
ed of the investigator. 

There were 263 patients enrolled in this study. Malig- 
nant ventricular arrhythmias were present in 187 of 263 
(71%) and potentially malignant arrhythmias were pres- 
ent in 75 of 263 patients (29%). Coronary artery disease 
was present in 201 of 263 patients (76%), and congestive 
heart failure was present in 159 of 263 patients (50%). 
Symptoms related to arrhythmias were present in 224 of 
263 patients (85%). Cardioversion had been required in 
123 of 263 patients, almost 50%. 

Patients were administered moricizine on a per kg 
body weight basis. The average dose of moricizine in this 
study was 11.0 mg/kg/day. 

In this study, the efficacy of moricizine was defined as 
a clinically significant reduction in the frequency of the 
ventricular arrhythmia. A global assessment of efficacy 
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could not be performed in 9 patients because of adverse 
reactions or death early in the in-hospital treatment 
phase. In the remaining patients, moricizine was effective 
in 121 of 254 (48%) patients. A positive global evaluation 
was seen more often in patients with potentially malig- 
nant arrhythmias than in patients with malignant ar- 
rhythmias (Fig. 3). In this study, 49% of patients with 
sustained VT were judged to have responded to morici- 
zine therapy. The global response was positive in 59% of 
patients with sustained VT. 

There was no statistically significant correlation be- 
tween the global response to moricizine therapy and the 
moricizine dose or demographic factors. Patients who 
had previously responded to procainamide or propafen- 
one, however, responded more frequently to moricizine 
therapy. 

As in the previous study, moricizine significantly re- 
duced the frequency of VPCs, ventricular couplets, and 
runs and total complexes of unsustained VT in a small 
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FIGURE 3. Moricizine efficacy 
stratified by the type of ventricular 
arrhythmia treated. Percentage of 
patients judged to be effectively 
treated by either Holter monitoring, 
electrophysiologic study (EPS) or 
global assessment of the investiga- 
tor is shown on the ordinate. Cot- 
umns on the abscissa represent pa- 
tients who at baseline had potential- 
ly malignant ventricular arrhythmia 
(leff) and malignant ventricular ar- 
rhythmia (righf). 
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TABLE I Characteristics of Patients with Paired PES Studies 
Treated with Morcizine 


No. of pts 117 
Age (yrs) 59.8+11.0 
Range (yrs) (25-79) 
Gender (men) 99 (85%) 
Coronary artery disease 93 (79%) 
Prior myocardial infarction 80 (68%) 
Congestive heart failure 77 (66%) 
Controlled studies 67 (57%) 
Compassionate-use 50 (433%) 
Arrhythmia-induced at first study 
Sustained VT 75 (64%) 
Unsustained VT 34 (29%) 
Other 8 (7%) 
Syncope 38 (32%) 
Cardiac arrest 34 (29%) 
Previous cardioversion 88 (75%) 
LV ejection fraction (mean) 33.6 + 16.5 (n = 31) 
0.30 13 (42%) 
0.30-0.45 11 (36%) 
>0.45 7 (23%) 


LV = left ventricular; PES = programmed electrical stimulation; VT = ventricular 
tachycardia. 


subset of patients who had paired Holter recordings or 
had undergone exercise testing, or both. Statistically sig- 
nificant reductions were observed between week 1 and 
year 1 of the study. VT was completely suppressed in 42 
to 71% of patients at various sampling intervals. Reduc- 
tion in VT frequency of a similar magnitude was observed 
during paired exercise tests. 

Adverse drug reactions, possibly, probably or definite- 
ly related to moricizine, were reported in 87 of 263 pa- 


TABLE Ii Relation of Morcizine Dose and Response by 
Programmed Stimulation Among 117 Patients with Paired 
Studies 


Dose Responders Nonresponders Percent 
(mg/Day)* (n = 34) (n = 83) Response 


All Patients 


<525 
600 
750 
900 
1,050 
1,200 
21,275 


1 (3%) 
2 (6%) 
5 (15%) 
11 (32%) 
6 (18%) 
4 (12%) 
5 (15%) 


34 (100%) 


7 (8%) 
19 (23%) 
32 (39%) 
12 (15%) 
10 (12%) 

3 (4%) 


83 (100%) 


Chi-square for equal proportions = 0.23 


Patients with Sustained Ventricular Tachycardia at Baseline 


0 


<525 
600 
750 
900 
1,050 
1,200 
21,275 


1 (5.3%) 
2 (11%) 
1 (5.3%) 
6 (32%) 
5 (26%) 
2 (11%) 
2 (11%) 


19 (100%) 


4(7.1%) 
15 (27%) 
24 (43%) 

8 (14%) 

4(7.1%) 

1 (1.8%) 


56 (100%) 


Chi-square for equal proportions = 0.10 


—% 
22% 
21% 
26% 
33% 
29% 
63% 


29% 


* Dose categories: 600 = 525 to 674 mg/day; 750 = 675 to 824 mg/day; 900 = 
825 ta 974 mg/day; 1,050 = 975 to 1,124 mg/day; 1,200 = 1,124 to 1,274 mg/day. 
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tients (33%). Most frequently, nausea and dizziness were 
reported. Moricizine was discontinued in 49 of 263 pa- 
tients (19%) because of adverse experiences. A pattern of 
clinically significant abnormal laboratory results were 
not observed during this study. 

A modest number of significant electrocardiographic 
abnormalities were noted in the study. Three patients 
developed AV conduction disturbances, 3 developed in- 
traventricular conduction disturbances and 1 patient de- 
veloped sinus node dysfunction. Increases in the PR inter- 
val were frequently noted in this study. In 67% of patients, 
the PR interval increased and in 26% of patients with a 
normal baseline interval, first-degree AV block was noted 
during moricizine therapy. The mean increase in PR in- 
terval, however, was 25 ms. The mean change in QRS 
interval duration was 12 ms. Although this was statisti- 
cally significant, it had no clinical importance. Repolari- 
zation was not significantly effected by moricizine. 


EVALUATION OF MORICIZINE THERAPY BY 
PROGRAMMED ELECTRICAL STIMULATION 

In 8 individual studies and the compassionate-use 
study of moricizine, a total of 117 patients underwent 
paired programmed electrical stimulation tests which in- 
cluded a baseline (without the drug) study and a study 
with moricizine. The patients enrolled in these studies 
were typical of patients with sustained VT who undergo 
electrophysiologic testing. Most of the patients had sus- 
tained VT (53%) or ventricular fibrillation (29%), and 
conventional antiarrhythmic agents were contraindicat- 
ed, ineffective or not tolerated. Most of the patients were 
men, and coronary artery disease and prior myocardial 
infarction were the most common forms of heart disease. 
LV dysfunction, assessed by LV ejection fraction and the 
presence of congestive heart failure, was typical (Table 
I). All patients had previously been treated with antiar- 
rhythmic agents and a mean of 4.7 drugs had been ad- 
ministered to this group of patients. 

The arrhythmia induced at the first electrophysiologic 
study was sustained VT in 75 patients (64%). Other sus- 
tained arrhythmias were induced in 8 patients (7%). Un- 
sustained VT was initiated by programmed stimulation in 
34 patients (29%). 

Patients were given moricizine at a mean daily dose of 
936 mg at the time of the electrophysiologic study. Thera- 
py had been administered for a mean of 6 days before the 
electrophysiologic test. 

Sustained VT could no longer be initiated by pro- 
grammed electrical stimulation in 19 of 75 patients 
(25%) while taking moricizine. Other sustained arrhyth- 
mias and unsustained VT were no longer inducible in 15 
of 42 patients (36%) whose arrhythmias were initiated at 
the baseline study. Overall, 29% of patients responded to 
moricizine. 

Paired electrophysiologic data were not available for 
45 additional patients who underwent a baseline electro- 
physiologic study. These patients did not undergo a sec- 
ond study for a variety of reasons, most often a lack of 
efficacy judged by noninvasive techniques (20 patients), 
proarrhythmia (7 patients) and drug adverse effects (4 
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patients). If using an intention-to-treat analysis, these 
patients were included in the overall efficacy calculation. 
Patients with sustained VT at baseline had a 21% (19 of 
91) response rate to moricizine. 

Moricizine therapy was continued after the electro- 
physiologic study in 28 of the 34 responders. Six received 
alternative therapy at the discretion of the investigator. 

The daily moricizine dose ranged from 450 to 1,500 
mg. Whereas the mean dose for the study group was 936 
mg/day, the range was wide and an analysis was under- 
taken to determine whether there was a relation between 
moricizine dose and antiarrhythmic response as judged 
by programmed electrical stimulation. There was no ap- 
parent relation between the moricizine dose and the out- 
come of electrophysiologic testing (Table II). 

In the 28 responders treated with moricizine for 3 to 
1,530 days (mean 203), the cumulative percentage of 
patients remaining who continued to take moricizine af- 
ter hospital discharge is shown in Figure 4. Therapy was 
discontinued in 2 patients because it was no longer re- 
quired and in 6 patients because of loss of efficacy. There 
were 3 sudden cardiac deaths and 2 deaths due to conges- 
tive heart failure during the follow-up period. In 6 pa- 
tients, adverse drug reactions caused drug discontinua- 
tion and in 2 patients, a non-drug-related adverse event 
prompted drug discontinuation. 

In 13 patients who did not respond to moricizine by 
electrophysiologic criteria, moricizine was continued dur- 
ing the follow-up period. Five of these patients died, 3 
suddenly, and only 3 continued long-term therapy. 


DISCUSSION 

Review of the moricizine data base shows that in 
patients with sustained VT evaluated by programmed 
electrical stimulation, the arrhythmia was suppressed by 
moricizine in 20 to 25%. This is in agreement with report- 
ed results from several centers in which efficacy rates of 
10 to 30% have been reported.>-' This efficacy was 


THE AMERICAN JOURNAL OF CARDIOLOGY FEBRUARY 20, 1990 





achieved at doses comparable to those reported from the 
moricizine data base. In addition, other electrophysiolog- 
ic effects noted in most studies were an increase in the HV 
interval and the QRS duration. Approximately 50% of 
the studies showed a change in the AH interval indicating 
depression of AV nodal function; however, this was not a 
uniform finding.>!° 

In patients in whom sustained VT remained inducible, 
moricizine generally produced an increase in the VT cy- 
cle length (a slowing in VT rate). The magnitude of the 
change ranged from 13 to 30%; however, most studies 
showed a 13 to 17% increase.°-!° These changes are simi- 
lar to those produced by procainamide, quinidine and 
mexiletine. They are, however, less than the changes pro- 
duced by amiodarone, flecainide, or quinidine /mexiletine 
combination which produce 25, 60 and 40% reductions, 
respectively.!!-!3 

The moricizine data base reveals a significant inci- 
dence of drug discontinuation during follow-up. The rea- 
sons for this are varied but there is a significant incidence 
(approximately 15%) of loss of efficacy. The causes for 
this have not been well studied and progression of under- 
lying disease may play a role. 

Studies to date have generally been performed in pa- 
tients with refractory arrhythmia and the results in pa- 
tients with fewer previous drug failures are unknown. The 
present review is limited by the lack of prospective studies 
of patients with malignant arrhythmia treated with mori- 
cizine. The current data were collected over the past 
decade with little uniformity in protocols, definitions, cri- 
teria of efficacy or proarrhythmia. Moreover, the number 
of patients with malignant arrhythmia who were treated 
for longer periods of time with moricizine is relatively 
small. Although chronic moricizine therapy has generally 
been well tolerated, this small number of patients treated 
for longer periods of time is a considerable limitation of 
this review. 

In these studies, the potentiation of congestive heart 
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failure and conduction of proarrhythmia by moricizine 
has been minimal. The patients included in these studies 
have generally been typical of patients with malignant 
arrhythmias, namely, with a high incidence of congestive 
heart failure, LV dysfunction and severe heart disease, 
and thus this relatively low incidence of severe adverse 
effects is promising. Compared with drugs in other 
classes (IA, IC and III), the reported incidence of these 
serious cardiac adverse effects is low. Comparative trials, 
however, are needed before definitive conclusions about 
the relative safety of moricizine can be made. 

Based on limited data available, it appears that mori- 
cizine is an effective drug for control of malignant ven- 
tricular arrhythmias in selected patients. Its potential for 
proarrhythmia and worsening of congestive heart failure 
is relatively low and its efficacy appears to be comparable 
to other frequently used antiarrhythmic agents. 
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Noncardiac Adverse Effects and Organ 
Toxicity of Moricizine During Short- 
and Long-Term Studies 


Harold L. Kennedy, MD, MPH 


To determine the tolerance and safety of morici- 
zine, the incidence and nature of its noncardiac ad- 
verse effects and organ toxicity reported during 
short- and long-term clinical studies were exam- 
ined. From a pooled data base of 1,256 adult pa- 
tients and healthy subjects, the most frequent non- 
cardiac adverse events were gastrointestinal (nau- 
sea) and neurologic (dizziness) complaints which 
occurred in 10 to 15% of patients during short- 
term (<3 months) studies and increased to 20 to 
25% during long-term (>12 months) studies. Ad- 
verse effects led to discontinuation of moricizine 
therapy in 116 patients (9%). Organ toxicity con- 
sisted predominantly of drug fever, possible throm- 
bocytopenia and elevated liver function tests and 
was quite low (<0.7%) for both short- and long- 
term studies. Moricizine appears to be a well-toler- 
ated antiarrhythmic drug with low occurrence of 
noncardiac adverse effects without significant seri- 
ous organ toxicity. 

(Am J Cardiol 1990;65:47D-50D) 
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iscovering well-tolerated and efficacious anti- 
DE: pharmacologic agents has been the 

goal of many clinical investigations for more than 
a decade. Although original interest was directed at the 
antiarrhythmic efficacy of each drug in various patient 
populations (patients with benign, potentially lethal and 
malignant ventricular arrhythmias), recent attention has 
focused on drug safety and tolerance as a result of the 
deleterious effects reported with some antiarrhythmic 
agents from the Cardiac Arrhythmia Suppression Trial.’ 
Antiarrhythmic drug safety (and thus tolerance) is as- 
sessed by the incidence of (1) noncardiac adverse effects; 
(2) organ toxicity; (3) cardiac adverse effects (proar- 
rhythmia, congestive heart failure and conduction 
changes); (4) morbidity outcomes; and (5) deaths that 
occur during therapy with a specific agent. 

Moricizine hydrochloride has been reported to be 
both efficacious and safe in previous clinical investiga- 
tions.2> This article reviews the noncardiac adverse ef- 
fects and organ toxicity observed and reported during 
moricizine clinical trials. 


NONCARDIAC ADVERSE EFFECTS 

One thousand-two hundred and fifty-six adult pa- 
tients and healthy subjects who received moricizine dur- 
ing clinical trials constitute the data base of adverse expe- 
rience collected by the E.I. Du Pont de Nemours & 
Company, Inc. (Table I). An adverse effect was defined 
as any adverse experience, and therefore includes those 
that were definitely, possibly or probably moricizine-re- 
lated, and of unknown relation. 

Short-term studies: Evaluation of all patients who 
received moricizine up to 14 days during short-term stud- 
ies were assessed for noncardiac adverse effects that oc- 
curred in 22% of the entire population and are listed in 
Table II. These data do not include electrocardiographic 
or laboratory abnormalities. The most frequent adverse 
effects were dizziness (15.1%) and nausea (9.6%) (Table 
II). When these data are stratified by daily dose groups 
(<600, 600 to 900, and >900 mg/day), dizziness and 
nausea continue to be the most frequently observed ad- 
verse effects (Table III). Some patients were treated with 
more than 1 dose and are therefore included in the more 
than 1 dose group. There was no relation of any specific 
noncardiac adverse effect to the group receiving daily 
doses. 

Comparative studies of 1,072 patients with ventricu- 
lar arrhythmias who received moricizine compared with 
placebo, quinidine, disopyramide and propranolol are 
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Subjects without arrhythmia 


(includes 148 healthy subjects and 3 
patients with cardiovascular disease) 


Patients with only supraventricular 
arrhythmia 

Patients with ventricular arrhythmias 
Benign ventricular arrhythmias 


Potentially lethal ventricular arrhythmias 


Lethal ventricular arrhythmias 


Adverse Effect 


Dizziness 

Nausea 

Headache 

Fatigue 

Palpitations 

Dyspnea 

Sustained ventricular tachycardia 

Hypoesthesias 

Abdominal pain 

Dyspepsia 

Vomiting 

Sweating 

Cardiovascular chest pain 

Asthenia 

Chest pain (noncardiovascular) 

Nervousness 

Ventricular tachycardia (length of 
run unspecified) 

Paresthesias 

Cardiac failure 

Upper extremity musculoskeletal pain 

Diarrhea 

Dry mouth 

Death (cardiovascular) 

Sleep disorder 


Dizziness 
Nausea 
Hypoesthesias 
Headache 
Pain 

Fatigue 
Dyspnea 

Dry mouth 
Vomiting 


TABLE li Percent of Patients Having Any Adverse Effect 


Percent 

Unknown, Possibly, 
Probably, or Definately 
Moricizine-Related 
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listed in Table IV. Dizziness and nausea, while 2 to 2.5 
times more frequent than placebo in patients receiving 
moricizine, were not the dominant noncardiac adverse 
effects for other drugs. Quinidine was associated with a 
high incidence of diarrhea (22.7%); disopyramide was 
associated with frequent dry mouth (35.5%) and urinary 
retention (12.9%); and propranolol was associated with 
frequent headaches (16.7%), fatigue (12.5%) and blurred 
vision (12.5%) (Table IV). 

Long-term studies: Examination of all 1,256 patients 
who received moricizine in the data base with regard to 
noncardiac adverse effects and time of first occurrence is 
presented in Table V. As can be noted, noncardiac ad- 
verse effects were most prevalent (45%) during the sec- 
ond to seventh day of therapy and this was true for all 
systems involved (Table V). Nevertheless, there seemed 
to be rather flat variation up to >2 years, except for 
generalized complaints. 

Cautious interpretation of these data are warranted 
because the time intervals are not of equal duration. Ad- 
ditionally, other factors also must be weighed. Randomly 
occurring noncardiac adverse effects unrelated to morici- 
zine would tend to occur in patients observed for longer 
durations, and may account for the increase in general- 
ized complaints. Patients who demonstrated efficacy to 
tolerate moricizine continued to take the drug if permit- 
ted by protocol design. Critically ill patients were more 
likely to experience serious cardiovascular adverse effects 
in the first week or month of moricizine therapy because 
of the natural history of their cardiac disease, whereas 
patients with less serious cardiovascular disease were 
more likely to respond to moricizine and receive treat- 
ment for longer durations. 

Two smaller clinical studies have reported adverse 
effects with moricizine therapy in patients treated for 1 
year or more.™ During the 1-year follow-up phase of 77 
patients in the Cardiac Arrhythmia Pilot Study, the most 
frequently reported adverse effects were gastrointestinal 
or neurologic complaints which were approximately the 
same as placebo (exept for dizziness) (Table VI).° Simi- 
larly, we have followed 28 patients for 1 to 56 months 


Moricizine Daily Dose* 


High (>900 mg) 


Middle (600-900 mg) 


* Duration of 1 to 14 days. 
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TABLE IV Comparative Noncardiac Adverse Effects of Patients with Ventricular Premature Complexes 


Ethmozine* Placebo* 


Adverse Effect 


Quinidine* Disopyramide* Propranolol* 


Total No. of Pts. 1,256 


Dizziness 
Nausea 
Headache 
Pain 

Dyspnea 
Hypoesthesias 
Fatigue 
Vomiting 

Dry mouth 
Nervousness 
Blurred vision 
Diarrhea 
Constipation 
Somnolence 
saab retention 


Effects 


Subjects at risk (no.) 

Subjects with adverse effects (%) 
Nervous system (%) 

Digestive system (%) 

Generalized complaints (%) 
Respiratory system (%) 
Muscoloskeletal system (%) 
Dermatologic system (%) 
Urogenital system (%) 


(mean 25 + 17) and reported late noncardiac adverse 
effects in 21% of patients, with gastrointestinal (11%) and 
neurologic (7%) complaints dominating.® 

Adverse effects leading to discontinuation: Exami- 
nation of all 1,256 patients who received moricizine dur- 
ing short-term studies showed that adverse effects led to 
discontinuation in 116 patients (9%). The most frequent 
noncardiac adverse effects leading to discontinuation 
were gastrointestinal (2.9%) and neurologic (0.6%) (Ta- 
ble VII). These complaints have also dominated the limit- 
ed long-term experience for discontinuation of morici- 
zine.>» 


ORGAN TOXICITY 

Moricizine organ toxicity has been assessed by labora- 
tory testing (hematology, blood chemistry and urinaly- 
sis), chest x-rays, and ophthalmic examinations obtained 
at specified times during both short- and long-term clini- 
cal trials.4 The dominant organ toxic effects found during 
moricizine therapy are shown in Table VIII. Drug-relat- 
ed fever that occurred in 3 patients resolved within 48 
hours after discontinuation of moricizine. All 3 patients 
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TABLE VI Noncardiac Adverse Effects Occurring in the 
Cardiac Arrhythmia Pilot Study During One Year of Moricizine 
Therapy 


Patients with Adverse Effects 


Placebo 
(n = 87) 


Moricizine 


Adverse Effects (n = 77) 


Dizziness 
Respiratory 
Cutaneous 
Gastrointestinal 
Genitourinary 
Neurologic 
Other 


were again given moricizine; fever recurred and was unre- 
lated to dose. Thrombocytopenia without evidence of 


bone marrow toxicity occurred in 2 patients, and both _..- 


patients were being treated concomitantly with other , 
drugs known to cause thrombocytopenia, and therefore 
the relation to moricizine is unknown. Elevated liver func- 
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TABLE VII Adverse Effects Leading to Discontinuation of 
Moricizine Therapy in 1,256 Patients 


Patients* 


Reasons for Discontinuation in = Two Patients % 


Cardiovascular 
Electrocardiographic changes 
Congsetive heart failure 
Atrial fibrillation 

Gastrointestinal 
Nausea 
Gastrointestinal upset 

Neurologic 
Anxiety 
Paresthesias /hypoesthesias 
Hand tremors 

Respiratory 
Dyspenea 

Renal 
Urinary retention 

Other 
Laboratory abnormalities 
Drug fever 
Blurred vision 


* Moricizine discontinued in 116 of 1,256 patients (9%). 


tion tests during moricizine therapy consistent with drug- 
induced hepatotoxicity occurred in 6 patients. Liver func- 
tion tests returned to normal after discontinuation of 
moricizine in 3 patients, and 3 patients had unreported 
follow-up.* 

In addition, 8 of 1,256 patients had renal failure re- 
ported as an adverse effect, which included 6 patients 
with severe congestive heart failure and 2 patients with 
carcinoma of the bladder. Extrapyramidal adverse effects 
have not been reported with moricizine, although it is a 
phenothiazine derivative. Moricizine has not been report- 
ed to cause galactorrhea or gynecomastia, and sexual 
dysfunction has been rarely reported.* Long-term clinical 
studies of small patient groups have not disclosed time- 
dependent organ toxicity.>° Thus, both short- and long- 
term adverse experiences indicate limited evidence of or- 
gan toxicity. 
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TABLE VIII Organ Toxic Effects Occurring During Moricizine 
Therapy 


No. of Pts. Duration of 
with Moricizine 
Paired Data (Days) 


Pts. with 
Toxicity 


3 (0.2%) 
2 (0.2%)* 
8 (0.7%)* 


Clinical Toxicity 


1,256 
1,105 
1,105 


Drug fever 

Decreased platelet counts* 

Elevated SGOT,! SGPT,t 
and/or bilirubin* 


* <100,000/mm. 

t More than fivefold increase above upper limit of normal range. 

* More than twofold increase above upper limit of normal range. 

SGOT = serum glutamic oxaloacetic transaminase; SGPT = serum glutamic pyruvic 
transaminase. 


CLINICAL IMPLICATIONS 

Thus, the early experience with moricizine antiar- 
rhythmic therapy indicates that noncardiac adverse ef- 
fects predominantly consist of gastrointestinal (nausea) 
and neurologic (dizziness) complaints which occurred in 
10 to 15% of patients during short-term studies and in- 
creased to 20 to 25% in long-term studies.?-° Organ toxic- 
ity was admirably low (<0.7%) for both short- and long- 
term studies. These data confirm that moricizine is a 
well-tolerated antiarrhythmic drug without significant 
toxicity. 
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Proarrhythmic Potential of Moricizine: Strengths 
and Limitations of a Data Base Analysis 


Craig M. Pratt, MD 


Moricizine was studied in 908 patients with ven- 
tricular arrhythmias. A proarrhythmia occurred in 
29 (3.2%). When the severity of the proarrhythmia 
and the type of presenting ventricular arrhythmia 
were correlated, no proarrhythmic events occurred 
in patients who presented with benign ventricular 
arrhythmias. Four deaths were attributed to the 
proarrhythmic effects of moricizine. Of these, 3 oc- 
curred in patients presenting with lethal ventricular 
arrhythmias. A total of 15 serious proarrhythmic 
events occurred, all of which resolved without lethal 
consequence. The overall proarrhythmia incidence 
in the lethal and potentially lethal ventricular ar- 
rhythmia categories was not different (3.2 vs 
3.7%, respectively). Thus, a proarrhythmia oc- 
curred in patients with more advanced structural 
heart disease, and occurred almost exclusively in 
patients who presented with potentially lethal or le- 
thal ventricular arrhythmia. There was no relation 
-between the dose of moricizine and the incidence of 
proarrhythmic events. Of the 29 proarrhythmic 
events, 26 occurred within 7 days (90%) of the ini- 
tiation of moricizine therapy. Thus, moricizine ap- 
pears to have a low proarrhythmic potential in the 
populations tested, including patients presenting 
with lethal ventricular arrhythmias. The implica- 
tions of the Cardiac Arrhythmia Suppression Trial 
on such a data base analysis are discussed. 

(Am J Cardiol 1990;65:51D-55D) 
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the low proarrhythmic potential of moricizine 

based on the analysis of the American Du Pont data 
base,! there has been a major breakthrough in arrhyth- 
mia research. Although the proarrhythmia report was 
published in February 1989 in The American Journal of 
Cardiology, these results were soon followed by the reve- 
lation that both encainide and flecainide increased ar- 
rhythmic death/cardiac arrest mortality in patients with 
ventricular arrhythmias surviving acute myocardial in- 
farction.* The primary finding of the Cardiac Arrhyth- 
mia Suppression Trial (CAST) was a 3.64-fold increase 
in arrhythmic death/cardiac arrest mortality with these 2 
electrophysiologic type 1C agents. A joint press confer- 
ence was held by the National Heart, Lung, and Blood 
Institute in cooperation with the Food and Drug Admin- 
istration (FDA) on April 25, 1989, communicating the 
danger of these 2 antiarrhythmic agents in patients simi- 
lar to the CAST population. The encainide and flecainide 
limbs of the CAST were discontinued, and patients were 
reevaluated for consideration of alternative therapy. 
Moricizine is the only active treatment limb remaining in 
the CAST. 

The proarrhythmic mortality detected in the CAST 
will inevitably compel clinicians to reassess the indica- 
tions for antiarrhythmic therapy, while focusing in- 
creased interest on the | active antiarrhythmic drug re- 
maining in the CAST: moricizine. Therefore, it is appro- 
priate at this time to review the results of our evaluation 
of the proarrhythmic potential of moricizine, reflecting 
on the implications of our data base approach to the study 
design issues that were responsible for the CAST results. 


Se the recent publication of our evaluation of 


REVIEW OF THE DU PONT DATA BASE: 
PROARRHYTHMIA WITH MORICIZINE 
Methods: This study represented a review of the 908 
patients treated with moricizine for ventricular arrhyth- 
mias.! Data were derived from the results of Holter re- 
cordings, a review of the patients’ case report forms, and 
review of the adverse drug experience report forms sent to 
the FDA. Although the data were retrospectively ana- 
lyzed, the treatment results of each patient were analyzed 
by prospective definitions of proarrhythmia, as well as a 
prospective classification of the patients’ presenting ven- 
tricular arrhythmia before initiation of moricizine thera- 
py. 
Definitions of presenting arrhythmia: A patient was 
considered to have a benign ventricular arrhythmia if 
ventricular premature complexes (VPCs) and nonsus- 
tained ventricular tachycardia (VT) occurred in patients 
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TABLE I Definitions of Proarrhythmia for Ventricular 
Arrhythmias 


Proarrhythmic death 
Serious proarrhythmia events 
Spontaneous new onset of sustained or polymorphic VT, VFL or VF 
Spontaneous new onset of hemodynamically significant 
nonsustained VT or, if no hemodynamic significance, 2100 VT 
events / day 
Nonserious proarrhythmic events 
Asymptomatic change in the frequency of previously documented 
VPCs or nonsustained VT including: 
Increase in the frequency of VPCs required for proarrhythmia 
(except when due predominantly to sustained VT) 


Mean VPCs /Hour 


Baseline Fold Increase 


10-50 
51—100 
101-300 
301-500 
501—1,000 
>1,000 


Increase in frequency of VT events required for proarrhythmia 


VT Events / Day 


Baseline Fold Increase 


1 
2-5 
6-50 
>50 
Or a change from no symptoms or palpitations or presyncope to 
syncope, cardiac arrest or death 


VF = ventricular fibrillation; VFL = ventricular flutter; VPC = ventricular premature 
complex; VT = ventricular tachycardia. 


with no organic heart disease and were either asymptom- 
atic or mildly symptomatic. Patients with potentially le- 
thal ventricular arrhythmias were defined as those with 
asymptomatic or mildly symptomatic ventricular ar- 
rhythmia and structural heart disease. Patients with le- 
thal ventricular arrhythmias were defined as those who 
presented with sustained VT or a ventricular arrhythmia 
requiring emergency intervention or cardioversion, or 
which culminated in ventricular flutter/fibrillation, or 
caused other hemodynamic consequences leading to syn- 
cope, seizure or cardiovascular collapse. For the purpose 
of this analysis, VT was defined as =3 consecutive VPCs 
at a rate of 2100 beats/min. Sustained VT was defined 
as a run of VT lasting at least 30 seconds or requiring 
intervention. 

Definitions of proarrhythmia: The thrust of our clas- 
sification system of proarrhythmia was to devise catego- 


TABLE II Number of Patients by Ventricular Arrhythmia 
Classification and Proarrhythmic Categories 


Proarrhythmic Category 
Classification 
of Ventricular Pts. 
Arrhythmias (n = 908) 


Death 
(n= 4) 


Nonserious 
(n = 10) 


Serious 
(n= 15) 


Benign 0 0 0 
Potentially lethal 1 (0.2%) 14(28%) 4(0.8%) 
Lethal 3 (1.0%) 1 (0.3%) 6(1.9%) 
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ries of increasing clinical importance. Although it has 
been recognized that all antiarrhythmic drugs can cause 
an increase (rather than the desired decrease) in sponta- 
neous VPCs and nonsustained VT, the prognostic signifi- 
cance of these observations is unclear. Therefore, the 
intent of this classification system was to clearly separate 
the observed increases in VPC and VT frequency from 
more prognostically important categories. The increase 
required in VPC or VT events to document proarrhyth- 
mia was defined from a previous analysis of spontaneous 
VPC and VT variability using 3,854 Holter recordings in 
630 patients from the Du Pont data base. The definitions 
and clinical divisions of proarrhythmia are listed in Table 
I. 

Proarrhythmic events that consisted only of an in- 
creased frequency of VPCs (see Table I) or runs of non- 
sustained VT or the new onset of nonsustained VT with- 
out any hemodynamic consequences were all defined as 
nonserious proarrhythmic events. Patients were consid- 
ered to have a serious proarrhythmic event if the new 
onset of nonsustained VT produced a hemodynamically 
significant symptom such as syncope. Similarly, if the 
new onset of sustained VT, torsades de pointes VT or 
ventricular flutter/fibrillation were detected but did not 
produce a hemodynamically significant event, they were 
classified as serious proarrhythmic events. The remaining 
category was proarrhythmic death, defined as an ob- 
served ventricular arrhythmia within 14 days of the initi- 
ation of or change in the dose of moricizine that resulted 
in arrhythmic death. This 14-day cutoff was based on 
previous arrhythmia data base observations,* and al- 
though reasonable, has limitations that will be discussed. 


MORICIZINE PROARRHYTHMIA 
DATA BASE RESULTS 

Incidence of proarrhythmia with moricizine: Of the 
908 patients with ventricular arrhythmias treated with 
moricizine, 29 (3.2%) had a proarrhythmic event. The 
distribution of these events by the classification of pre- 
senting arrhythmias and the severity of the proarrhyth- 
mic event is given in Table II. No proarrhythmic events 
were detected in patients presenting with benign ventricu- 
lar arrhythmia and the incidence of proarrhythmic events 
was low in patients with potentially lethal as well as lethal 
arrhythmias, with no difference between the 2 categories 
(3.2 and 3.7%, respectively). A total of 15 patients had 
serious proarrhythmic events. This included 2 patients 
with a new onset of sustained VT that produced a hemo- 
dynamically significant outcome, 9 patients with a new 
onset of sustained VT without hemodynamic conse- 
quence, and | case of torsades de pointes VT that had not 
been previously detected. Additionally, 2 patients had a 
new onset of ventricular flutter/fibrillation and 1 patient 
had syncope. Of the 10 cases considered nonserious 
proarrhythmic events, only 1 was due to an increased 
VPC frequency exceeding the limits mentioned in Table 
I, whereas 9 were due to an increased frequency of VT 
events. Of the 15 patients with serious proarrhythmic 
events, all recovered without residual adverse effects. Of 
these, 60% did not require medical intervention, whereas 





3 patients required treatment with intravenous antiar- 
rhythmic drugs and 3 required electrical cardioversion. 
Three of 4 cases classified as proarrhythmic death during 
moricizine therapy were in patients presenting with a 
lethal arrhythmia. Thus, the proarrhythmic death rates 
were 0, 0.2 and 1.0% for patients presenting with benign, 
potentially lethal and lethal arrhythmias, respectively. 

Demographic characteristics and time course of 
moricizine proarrhythmia: Most patients in whom a pro- 
arrhythmia developed while taking moricizine were men 
(25 of 29), and most of these were white (22 of 25). The 
mean age was 60 years, and the daily dose of moricizine 
ranged from 8 to 15 mg/kg (600 to 1,200 mg/day). All 
but 1 of these 29 patients had received prior antiarrhyth- 
mic therapy. Patients with more serious proarrhythmia 
tended to be older than patients with nonserious proar- 
rhythmia (66 vs 44 years, p <0.05). 

Although serious proarrhythmia during moricizine 
dosing occurred more often in older patients, there was no 
relation between the total daily dose of moricizine and the 
incidence of proarrhythmia. As previously mentioned, the 
temporal definition of a proarrhythmia required events to 
take place within 14 days of initiation of therapy or dose 
change. In terms of the prospective definition, in the 
opinion of most investigators, it was considered unlikely 
that moricizine was causal when arrhythmic events oc- 
curred after that time. Of the 29 proarrhythmic events 
that occurred within 14 days, 90% occurred within the 
first 7 days. A listing of the number of proarrhythmic 
events by category and duration of moricizine dosing is 
listed in Table III. No proarrhythmic deaths were noted 
in the second week of moricizine dosing. Patients experi- 
encing proarrhythmic events during moricizine therapy 
tended to have more significant organic heart disease, 
including those with a history of coronary artery disease, 
congestive heart failure, prior myocardial infarction and 
electrocardiographic abnormalities at rest. In contrast, 
there was no statistically significant association of proar- 
rhythmia with moricizine compared with the baseline 
frequency of VPCs or the baseline electrocardiogram 
with reference to PR, QRS or QT interval duration. 


DISCUSSION 

The evaluation of the pharmacologic data base of an 
antiarrhythmic drug represents an attempt to analyze 
uniformly the entire experience with that agent in order 
to estimate more accurately its proarrhythmic potential. 
Unfortunately, this approach has limitations, which were 
identified by the CAST. However, one advantage of the 
approach is that it uses uniform prospective definitions of 
the presenting ventricular arrhythmia and the seriousness 
of the proarrhythmia produced, which are applied to the 
entire pharmaceutical experiential data base. This ap- 
proach is clearly preferable to the smaller studies from 
individual investigators that use a variety of definitions. 
Furthermore, in the moricizine proarrhythmia data base, 
Holter proarrhythmia definitions were derived directly 
from the patients’ placebo (control) Holter recordings; 
thus, the variability limits listed in Table I are unique in 
that they are derived from within this data base.’ 
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TABLE Ili Number of Proarrhythmic Events by Category 
and Duration of the Moricizine Dose at Which the Event 
Occurred 


Days on the Moricizine Dose at 
Which Proarrhythmia Occurred 
Proarrhythmia 
Category 1 5 


Evolution of the concept of proarrhythmia: In our 
analysis of the moricizine data base, we chose to use a 14- 
day treatment limit for the prospective definition of the 
proarrhythmic effects of moricizine. This was based on 
observations from published studies that antiarrhythmic 
drugs are usually thought to induce potentially life- 
threatening ventricular arrhythmias within the first few 
days or weeks.*5 These observations have been made over 
decades, including an analysis of 31 cases of torsades de 
pointes VT caused by quinidine, in which most of these 
episodes occurred in the first few days. Recent observa- 
tions of patients with life-threatening ventricular arrhyth- 
mias treated with a variety of antiarrhythmic drugs re- 
ported a 3-day mean time for the development of drug- 
associated sustained VT/fibrillation.> 

The CAST mortality result: is it a new type of proar- 
rhythmia? Over an average of 10 months of therapy with 
encainide or flecainide, there was a 3.64-fold increase in 
arrhythmic death/cardiac arrest compared with the pla- 
cebo group in the CAST. Because there was a parallel 
placebo group throughout this treatment period, it was 
possible to demonstrate that there was an excessive num- 
ber of arrhythmic deaths throughout the study, rather 
than simply during the first days after initiation of thera- 
py. In fact, patients randomized in the CAST had already 
undergone the usual surveillance for proarrhythmia in 
that they had been tested with encainide or flecainide for 
an average of 2 weeks (open-label phase) and had docu- 
mented VPC suppression (280% VPC reduction) com- 
pared with baseline. Thus, the excessive number of ar- 
rhythmic deaths during therapy with flecainide and en- 
cainide in the CAST is all the more surprising since the 
usual methods of screening for proarrhythmia were per- 
formed in every patient before randomization. This ob- 
servation of an excessive arrhythmic mortality in patients 
already proven to tolerate these drugs and to be “suppres- 
sors” is especially troublesome; it also dispels our tempo- 
ral preconception of proarrhythmia. 

Suggested mechanisms of encainide/flecainide pro- 
arrhythmia in the CAST: It has been suggested that the 
mechanism by which antiarrhythmic drugs induce life- 
threatening ventricular arrhythmias is their electrophysi- 
ologic properties of slowing conduction in diseased areas 
of the myocardium. This potentially enhances the possi- 
bility of reentrant sustained VT.’ Rinkenberger et alë 
postulated that antiarrhythmic drugs may facilitate the 
initiation of sustained VT, significantly prolonging acti- 
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vation while minimally increasing refractoriness, effects 
that may be accentuated during ischemia. Animal mod- 
els form the basis of this concept. In a landmark paper by 
Nattel et al,’ pretreatment with aprindine in a canine 
infarction model greatly increased the incidence of sus- 
tained VT during repeat acute ischemic events compared 
with no pretreatment. Thus, pretreatment with an antiar- 
rhythmic drug before coronary occlusion was, in this ani- 
mal model, “proarrhythmic.” Patients randomized in the 
CAST did not have any systematic baseline evaluation of 
exercise-induced ischemia, making retrospective assess- 
ment of that variable difficult. However, perhaps patients 
in the CAST, like the animal model counterpart, had a 
decreased fibrillation threshold during acute ischemic 
events in the presence of myocardial scarring, enhanced 
by the presence of flecainide and encainide. These 2 
agents also have a significant negative inotropic effect, 
which may contribute to the observed proarrhythmic ef- 
fect.!° 

Limitations of data base analysis for estimating pro- 
arrhythmia incidence: [n previous reviews of the data 
bases of flecainide and encainide, Morganroth!! conclud- 
ed that proarrhythmic events are much more likely to 
occur in the setting of structural heart disease, sustained 
VT and rapid-dose escalation of the class 1C drugs. The 
moricizine data base is similar in that serious proarrhyth- 
mia or proarrhythmic death with moricizine was limited 
to patients with structural heart disease, usually seen in 
patients presenting with lethal ventricular arrhythmias. 
There appears to be no dose-related increase in proar- 
rhythmia rates with moricizine.' 

What is troubling is why the analysis of the data bases 
of encainide (n = 1,755) and flecainide (n = 1,330) did 
not detect or at least raise suspicion of the high incidence 
of proarrhythmia in patients presenting with “potentially 
lethal” arrhythmias, subsequently discovered in the 
CAST. By the classification system used in those data 
base studies, the CAST population would be in the poten- 
tially lethal category. Yet the CAST encainide/flecai- 
nide population had a 4.4% arrhythmic death mortality at 
10 months, higher than the estimated incidence for pa- 
tients presenting with lethal arrhythmias in the flecai- 
nide/encainide data base studies.!! 

It is likely that this large mortality discrepancy is 
primarily the result of 2 factors. I believe the most impor- 
tant factor is that the CAST population represented a 
group of patients not included in pharmaceutical drug 
data base experiences (i.e., patients with recent acute 
myocardial infarction are almost always excluded from 
pharmaceutical studies). One could speculate that the 
unique proarrhythmia discovered in the CAST is due to 
sporadic recurring episodes of acute ischemia in the 
CAST population that would not occur in other patient 
populations. This is an important comparative point. In 
the flecainide data base, 13 of the 14 sudden deaths 
attributed to flecainide occurred in less than 14 days,‘ the 
cutoff used in our analysis of the moricizine data base.! 
This leads to what I consider the second major difference 
between a data base approach compared with design: the 
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presence of a parallel placebo group throughout the entire 
treatment interval in the CAST. In general, parallel pla- 
cebo groups are only used in pharmaceutical studies in 
patients with benign ventricular arrhythmia, not in pa- 
tients with potentially lethal or lethal-presenting ventric- 
ular arrhythmias. Thus, the CAST design allowed the 
demonstration of the unusual temporal profile of this 
proarrhythmia. 

Extrapolation of moricizine proarrhythmia data base 
to the CAST: Whereas the CAST? and other recent stud- 
ies'' have generated a healthy skepticism about the risk- 
benefit ratio of all antiarrhythmic drugs in patients with 
potentially lethal arrhythmias, one should not overreact 
and extrapolate these results to all patient populations or 
all antiarrhythmic drugs. 

The results of this moricizine proarrhythmia analysis 
are still reassuring and promising in several ways. First, 
we have reported an extraordinarily low incidence of 
proarrhythmic death during 14 days with moricizine, 
both in patients with potentially lethal and lethal-present- 
ing arrhythmias (0.2 and 1.0%, respectively). Second, 
moricizine is unusually well tolerated in patients with 
congestive heart failure or evidence of left ventricular 
dysfunction, or both, where it frequently still achieves 
VPC suppression.'!* Also, the moricizine data base is 
made up almost entirely of patients at increased risk of 
sudden death, with only a small proportion (~10%) of 
patients with benign VPCs. 

The most important reason for optimism is the fact 
that moricizine continues to be the only remaining active 
antiarrhythmic agent used in the CAST. It is the only 
antiarrhythmic agent (available or investigational) that is 
being subjected to the scrutiny of a placebo-controlled 
trial in a postinfarction population.2 Furthermore, be- 
cause of the interim CAST results, randomization is now 
limited to patients at even higher risk (left ventricular 
ejection fraction <40% within 90 days of acute myocardi- 
al infarction). As with all multicenter National Heart, 
Lung, and Blood Institute trials, a Policy and Safety 
Monitoring Board intermittently reviews all safety issues 
in the trial. It was this monitoring board that recommend- 
ed the discontinuation of encainide and flecainide, while 
recommending the continuation of the moricizine limb 
and its respective placebo. Moricizine has thus far been 
judged safe relative to proarrhythmia in the CAST. One 
hopes that moricizine will not only prove to be safe, but 
also beneficial. 
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Antiarrhythmic Drug Therapy for Congestive 
Heart Failure with Focus on Moricizine 


Philip J. Podrid, MD, and Scott L. Beau, MD 


Many patients who have serious ventricular ar- 
rhythmia requiring antiarrhythmic drug therapy 
have congestive heart failure (CHF). However, the 
pharmacokinetic and pharmacodynamic properties 
of the antiarrhythmic drugs are altered in the pres- 
ence of CHF. It has been reported that some ad- 
verse effects, primarily aggravation of arrhythmia 
and CHF occur more frequently in patients with a 
history of left ventricular (LV) dysfunction. More- 
over, antiarrhythmic drugs are less effective in pa- 
tients with a history of CHF and a reduced LV ejec- 
tion fraction (LVEF). 

Moricizine, a new antiarrhythmic drug, has been 
undergoing clinical trials for over 13 years in the 
United States. The data base involving 1,072 pa- 
tients was analyzed to establish the effect of this 
agent in patients with CHF. The presence of CHF 
does not alter the absorption, half-life and clear- 
ance of moricizine. 

The incidence of CHF exacerbation definitely re- 
lated to moricizine was low (2%) and occurred pri- 
marily in patients with a history of CHF. Aggrava- 
tion of arrhythmia and conduction abnormalities 
also occurred more often in patients with prior 
CHF. However, the incidence of all other adverse 
effects involving other organ systems was the same 
in patients with and without CHF and was also un- 
related to the baseline LVEF. The effect of morici- 
zine for suppressing spontaneously occurring ven- 
tricular ectopy was also similar in patients with and 
without CHF and was independent of LVEF. How- 
ever, the drug is less effective in preventing sus- 
tained ventricular arrhythmia in patients with CHF. 

(Am J Cardiol 1990;65:56D-64D) 
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in the United States is substantial, having been 
estimated to be present in 2 million patients.! 
Among patients referred for treatment of New York 
Heart Association (NYHA) class III or IV CHF, the 
mortality rate is approximately 50% in the first year, with 
half of these deaths occurring suddenly, presumably sec- 
ondary to a ventricular arrhythmia.*4 With the use of 
more frequent extended ambulatory monitoring, it has 
been observed that the incidence of asymptomatic or min- 
imally symptomatic ventricular arrhythmia in this pa- 
tient population is high. A recent review? suggests that 85 
to 90% of such patients have documented frequent ven- 
tricular premature complexes (VPCs), whereas more 
than 50% have runs of nonsustained ventricular tachycar- 
dia (VT). Often the physician intuitively initiates antiar- 
rhythmic drug therapy in these patients to prevent a more 
serious tachyarrhythmia and sudden death. However, the 
association between spontaneously occurring ventricular 
arrhythmia and the risk of sudden death in these patients 
is controversial as data are conflicting. Moreover, there 
are a paucity of data supporting the benefits of antiar- 
rhythmic therapy for prolonging life by preventing such 
serious ventricular tachyarrhythmias. Furthermore, the 
pharmacokinetic and pharmacodynamic properties of 
antiarrhythmic drugs are altered in the patient with 
CHF.’ Many of the medications used for its treatment 
induce physiologic and biochemical abnormalities which 
may interact with antiarrhythmic drug actions. There is, 
therefore, appropriate concern regarding the efficacy and 
safety of antiarrhythmic therapy in patients with CHF. 
The purpose of this report is to review what is known 
about the efficacy, safety and toxicity of antiarrhythmic 
drugs when used to treat ventricular arrhythmias in pa- 
tients with CHF. An important focus will be a new agent, 
moricizine. 


ck prevalence of congestive heart failure (CHF) 


SAFETY: ALTERED PHARMACOKINETICS 
AND PHARMACODYNAMICS 

A major concern about the use of antiarrhythmic 
drugs relates to their adverse effects. This class of drugs 
has a narrow therapeutic toxic ratio, especially in patients 
with heart disease, and in the presence of CHF, there are 
a number of factors that further narrow this ratio. The 
pharmacokinetic properties of antiarrhythmic drugs are 
abnormal in patients with CHF when compared with 
those without left ventricular (LV) dysfunction. For most 
antiarrhythmic drugs studied, the volume of distribution 
is reduced in patients with CHF, which results in higher 
than usual plasma drug concentrations and requires a 





reduction in dose.*.? During CHF, there is a decrease in 
renal and hepatic blood flow, which reduces the rate of 
metabolism and elimination of the drug or its metabo- 
lites.”!0 This may also produce higher than expected drug 
concentrations and a prolonged elimination half-life. As a 
result, drug toxicity may occur when lower doses of the 
drug are administered and adverse effects may take a 
longer time to resolve because of the prolonged time for 
metabolism and elimination. The magnitude of change in 
these pharmacokinetic variables, however, is unpredict- 
able in patients with CHF. Additionally, if the half-life is 
prolonged, a longer time will be required to reach steady 
state compared with that in normal subjects.* Plasma 
levels checked at the usual time, after 5 half-lives have 
elapsed, may be low, but escalation of drug dosage in such 
patients at this time may result in toxic levels a few days 
later. Therefore, in patients with CHF, the initial dose of 
drug should be decreased and more time allowed before 
any increase in dose. 

Pharmacokinetics of moricizine in congestive heart 
failure: The pharmacokinetic properties of moricizine 
were determined in 17 patients with a history of CHF and 
were compared with data obtained in 65 patients without 
clinical failure. Pharmacokinetic parameters including 
maximal concentration (Cmax), time to maximal concen- 
tration (Tmax), area under the curve (AUC) and elimina- 
tion half-life (t12) were determined on day 1 of moricizine 
therapy and, in most cases, on the last day of dosing. 
There was no statistically significant difference in the 
values of Cmax, Tmax, AUC or t!2 at any dose level in 
patients with compared with those without CHF (Table 
I). Moricizine pharmacokinetics are thus not affected by 
the presence of CHF alone, although associated hepatic 
or renal dysfunction may alter them. These data suggest 
that there is no need to alter the dosage of drug adminis- 
tered to patients with CHF in whom hepatic and renal 
functions are intact. Data are not available for patients 
with CHF who have hepatic or renal dysfunction, but no 
doubt dosage reduction is required, similar to that neces- 
sary in patients with primary renal or hepatic dysfunc- 
tion. 


HEMODYNAMIC EFFECTS 

One of the serious adverse effects of antiarrhythmic 
drug therapy is a worsening of LV function due to the 
negative inotropic activity of these agents. Most of the 
antiarrhythmic drugs have been reported to directly de- 
press the contractility of the isolated muscle fibers in vitro 
or the intact heart in vivo.!!:!2 Additionally, these drugs 
have peripheral vascular effects that may interact with 
their negative inotropic activity!>! (Table II). A number 
of studies have reported that some of these drugs can 
significantly alter hemodynamic parameters and can re- 
duce LVEF measured invasively or noninvasively.!4-!® 
The provocation of clinically significant CHF has been 
observed with several of these agents.!®!’ There is sub- 
stantial evidence to suggest that the negative inotropic 
effect of these agents is more frequently observed in pa- 
tients with preexisting CHF. In a report by Ravid et al!’ 
involving 6 of the newer antiarrhythmic agents including 
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Maximal concentration (ug/ml) 
Mean 
Range 
Time to peak levels (hrs) 
Mean 
Range 
Area under the curve (ug - hr /ml) 
Mean 
Range 
Half-life (hrs) 
Mean 
Range 


1.05 
0.21-2.10 


1.42 
0.5-3.00 


3.14 


; 2.97 
0.38-10.87 


0.38-7.14 


2.68 
1.08-14.10 


3.12 
0.80-11.70 


moricizine, mexiletine, encainide, tocainide, lorcainide 
and propafenone, the overall incidence of CHF was 1.8%. 
However, among patients with a history of CHF the 
incidence was 3.9%. All but 1 of the patients with exacer- 
bation of CHF had a previous history of CHF. Predictors 
of CHF exacerbation were a previous history of failure, a 
greatly reduced LVEF (<35%) and an underlying car- 
diomyopathy. The incidence of CHF provocation was 
12.5% when LVEF was <35% and 0.9% in those with 
LVEF >35% (p <0.001). The average LVEF was 22% in 
those in whom CHF developed compared with 39% in 
patients in whom it did not develop (p <0.001). 

In a recent study involving 8 antiarrhythmic drugs 
(procainamide, quinidine, disopyramide, cifenline, mori- 
cizine, indecainide, metoprolol and sotolol), Pratt et al!® 
reported similar data. In this retrospective review of 246 
patients, of whom 101 had LVEF <40%, the develop- 
ment of CHF was significantly more frequent in those 
with LV dysfunction than in those with an intact left 
ventricle. Of the patients with LVEF of <40%, 11 devel- 
oped CHF compared with 1 of 145 patients (0.7%) with 
intact LV function. The average LVEF of those in whom 
CHF developed was 20% compared with 45% in the pa- 
tients who responded to the drugs and had no CHF 
(p <0.0001). 

There are also limited data available about the hemo- 
dynamic effects of individual oral agents. 

Quinidine: Although quinidine exerts direct negative 
inotropic effects, it also reduces peripheral vascular resis- 


TABLE Il Hemodynamic Effects of Antiarrhythmic Drugs 


Drug PAP/PCWP SVR Contractility SVI/CI LVEF 


Quinidine Oorsl} 
Procainamide Oorsl{ 
Disopyramide l 
Mexiletine Oorsl} 
Tocainide Oorsl | 
Moricizine Oorsl | 
Encainide sl | 
Flecainide | 
Propafenone { 
Amiodarone Oorsl} 
Cl = cardiac index; LVEF = left ventricular ejection fraction; O = no change; PAP = 
pulmonary artery pressure; PCWP = pulmonary capillary wedge pressure; sl = slight; 


SVI = stroke volume index; SVR = systemic vascular resistance; | = decrease; | = 
increase. 
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tance and reduces afterload.!? The occurrence of CHF is 
unusual. Crawford et al? evaluated the LV function of 
10 normal subjects and 8 patients with congestive cardio- 
myopathy using M-mode echocardiography. No signifi- 
cant changes were observed in either group. These inves- 
tigators concluded that any depressive effects on LV per- 
formance produced by long-term administration of oral 
quinidine in therapeutic doses are negligible. Further- 
more, no exacerbation of CHF in patients receiving long- 
term quinidine therapy was noted in the Boston Collabo- 
rative Drug Surveillance Program,! even in patients with 
a history of CHF. 

Tocainide: In animal studies, tocainide exerts mini- 
mal negative inotropic activity.** When given intrave- 
nously, there is a mild depressant effect in myocardial 
function, an increase in systemic vascular resistance or 
afterload and reduction in cardiac index.” Clinically oral 
tocainide is well tolerated by patients with normal LV 
function.”4 In a study by Klein et al,* oral tocainide did 
not cause worsening of CHF in patients after a myocardi- 
al infarction even when LVEF was <30%. In the report of 
Ravid et al,!’ tocainide induced failure in 1.6% of all 
patients, but in 3.7% of patients with a history of CHF. 

Mexiletine: Intravenous mexiletine has been reported 
to reduce cardiac function, primarily in patients with a 
history of CHF.*° However, the oral drug does not pro- 
duce significant changes in LV function. In a study of 10 
patients with a mean baseline EF of 28%, doses of mexile- 
tine that were effective for suppression of arrhythmia did 
not alter LVEF.” In the study of Ravid et al,'’ the 
precipitation of failure by mexiletine in patients with a 
prior history of CHF was 2%. In a long-term study of oral 
mexiletine involving 107 patients, 46% of whom had 
CHF, only 1 patient developed cardiac decompensation 
during an average follow-up of 22.8 months.?° 

Encainide: Encainide has been reported to be hemo- 
dynamically well tolerated in patients with and without 
CHF.”? However, when given intravenously, the drug 
does cause a dose-related depressant effect on myocardial 
function and an increase in systemic vascular resis- 
tance. In contrast, DiBianco et al?! reported that oral 
encainide, in doses effective for reducing ventricular ec- 
topy, did not impair LV function at rest or during exercise 
as measured by radionuclide studies in any patient re- 
gardless of the baseline LVEF. In studies by Sami et 
al??-30 involving patients with clinical CHF or a severely 
depressed radionuclide LVEF (averaging 22%), the oral 
drug did not produce a clinical worsening of CHF or 
reduction of LVEF. In contrast to these reports, a recent 
study by Gottlieb et al’? involving 15 patients with clini- 
cal CHF reported significant adverse effects on invasively 
measured hemodynamics after a single 50-mg oral dose 
of encainide and 8 patients had a clinical worsening of 
CHF. In the study of Ravid et al,!” almost 6% of patients 
with a history of CHF had exacerbation. 

Procainamide: Information on the hemodynamic ef- 
fects of procainamide is limited. Studies evaluating the 
hemodynamic effects of intravenous procainamide re- 
ported that the drug does reduce LV contractility and 
decreased cardiac output, especially in patients with pre- 
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existing LV compromise.??-35 However, despite this sta- 
tistically significant depression of myocardial function 
due to the intravenous drug, the oral preparation at rec- 
ommended doses is well tolerated clinically and CHF 
exacerbation is rare. This conclusion is further supported 
by Burton et al, who found no clinically significant 
deterioration in 15 patients with severe CHF treated with 
procainamide. Unfortunately, other data on the hemody- 
namic effects of oral procainamide are not available. 

Disopyramide: Disopyramide can precipitate new 
CHF and cause exacerbation of preexisting myocardial 
dysfunction when given intravenously or orally. Early 
studies from Europe reported that when given intrave- 
nously in recommended doses, disopyramide exerted 
transient negative inotropic effect in patients with border- 
line or overt CHF with return to normal 10 minutes after 
the end of the infusion.*’ The adverse hemodynamic ef- 
fects appeared to correlate with peak plasma drug levels. 
These results were confirmed by Leach et al!> who stud- 
ied 9 patients with LV dysfunction given intravenous 
bolus doses of disopyramide over 5- and 15-minute peri- 
ods. Hemodynamic deterioration occurred immediately 
in all patients, whereas severe reduction in cardiac output 
occurred in 2 patients necessitating drug discontinuation. 
In the other 7 patients, the hemodynamic parameters 
returned to baseline levels by the end of the infusion. 
Podrid et al! reviewed the results of therapy in 100 
patients receiving oral disopyramide. In those with a pre- 
vious history of CHF, 55% had an exacerbation of CHF, 
whereas in patients without antecedent CHF the inci- 
dence was 5%. DiBianco et al*® reviewed 12 studies of 
disopyramide in humans, and concluded that while acute 
intravenous administration of this drug causes significant 
negative inotropic effects, the oral form produces clinical- 
ly insignificant adverse effects on myocardial perfor- 
mance in patients with normally functioning left ventri- 
cles. However, significant adverse hemodynamic conse- 
quences can occur in patients with clinical CHF. 

Flecainide: Flecainide is a newer antiarrhythmic drug 
that has been shown to have significant negative inotropic 
effects, especially in patients with a previous history of 
CHF. Legrand et al??? invasively measured the hemody- 
namic effects of intravenous flecainide in 10 patients free 
of overt CHF who were within 6 weeks of a myocardial 
infarction. Each patient had a significant decrease in EF 
(mean reduction 9%) within 15 minutes of beginning the 
infusion. These findings were confirmed by Josephson et 
al,4° who reported a 16% reduction in LVEF when intra- 
venous flecainide was given to 22 patients with coronary 
artery disease. Dunselman et al!4 infused the same dose of 
drug, but at a slower rate and observed a similar degree of 
myocardial depression. There are less data available on 
oral flecainide, but it has been reported that the oral drug 
may precipitate CHF in patients with a prior history of 
CHF.* The Flecainide-Quinidine Research Group‘! re- 
ported a worsening of CHF due to flecainide in only 2 of 
141 patients (1.4%) with a prior history of mild CHF. In 
contrast, the Flecainide Ventricular Tachycardia Study 
Group*? reported a 6% incidence of new or worsened 
CHF in patients taking oral flecainide. 





Amiodarone: Amiodarone, a class III antiarrhythmic, 
has unique properties including an extremely long half- 
life and a heterogeneous distribution into different tis- 
sues. Chiale et al*? reported that oral amiodarone did not 
provoke CHF in patients with a history of CHF. Cleland 
et al** reported similar results in 22 patients with CHF. 
No patient developed symptoms of CHF, and LVEF and 
cardiac index during treatment with placebo or amioda- 
rone were similar. The same observations were reported 
by Haffajee et alt and Nademanee et al.4° DePaola et 
alt” assessed long-term oral amiodarone in 126 patients 
being treated for sustained VT. Baseline LVEF was 25% 
and one-third of the patients had a history of CHF. There 
was a small but significant increase in LVEF after 1 year 
of therapy. However, in 9 patients new CHF developed 
and in 7 CHF was exacerbated. Trobaugh et al** reported 
similar results in 70 patients treated for an average of 66 
days with oral amiodarone. The mean LVEF increased 
from 40 to 43%, although in 7 patients there was a signifi- 
cant decrease in the LVEF. Clinically, 19% of patients 
experienced new or worsened CHF and this occurred 
more often in those with EF <35%. 

Propafenone: Propafenone is a new agent that has a 
significant effect on LV function in patients with a history 
of CHF.*? Studies of intravenous propafenone indicate 
that the drug has mild cardiac depressant effects when 
given at a dose of 2 mg/kg.” Podrid et al>° reported that 
oral propafenone does not alter LV function in patients 
with baseline LVEF <50% or in the subgroup with 
<30%. Although the measured LVEF is not altered, 
CHF may nevertheless occur. In the study of Ravid et 
al,!’ 9% of patients with a history of CHF had exacerba- 
tion of CHF. Baker et al?! also reported exacerbation 
of CHF with propafenone in patients with a history of 
CHF. 

Hemodynamic effects of moricizine: In a review of 
several studies using noninvasive and invasive methods 
for evaluating LV function, Pratt et al>? reported that 
moricizine did not alter any parameter. Among 81 pa- 
tients who underwent 2-dimensional echocardiography 
before and during moricizine therapy, LVEF was 47 and 
46%, respectively. No change was noted in those with 
LVEF <45% (31 vs 31%). LVEF was measured with 
radionuclide studies in 24 patients and was unchanged 
during moricizine therapy (40 vs 38%, difference not 
significant [NS]). In the subset of patients with LVEF 
<45% (average 27%) there was no change due to morici- 
zine (25%, p = NS). Invasive hemodynamic measure- 
ments were obtained in 20 patients at rest and during 
bicycle ergometry. When compared with placebo, morici- 
zine did not alter any measured parameter including 
heart rate, blood pressure, pulmonary artery pressure, 
pulmonary capillary wedge pressure, cardiac index, 
stroke volume index or systemic vascular resistance. 

Occurrence of congestive heart failure during morici- 
zine therapy: Additional data regarding the safety of 
moricizine in patients with CHF are based on 1,072 pa- 
tients receiving the drug as part of the trials performed in 
the United States. Of this group, 853 were men and 219 
were women. The average age of the patients was 59 
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TABLE Ill Relation Between Left Ventricular Function and 
Presenting Arrhythmia—Moricizine Data Base 


Percent with Arrhythmic Form 


Sustained 
VPCs 


No CHF 
Prior CHF 
LVEF <30% 
LVEF 30-45% 
LVEF >45% 
* p <0.01. 
CHF = congestive heart failure; LVEF = left ventricular ejection fraction; NSVT = 


nonsustained ventricular tachycardia; VPC = ventricular premature complex; VT = 
ventricular tachyarrhythmia. 


years (range 18 to 86). In each case, the indication for 
therapy with moricizine was the suppression of ventricu- 
lar arrhythmia which included frequent VPCs only in 99 
patients (9%), runs of nonsustained VT in 575 patients 
(54%) and a sustained ventricular tachyarrhythmia, in- 
cluding VT and ventricular fibrillation, in 398 patients 
(37%). A history of clinically manifest CHF was present 
in 467 patients (44%), whereas 605 did not have this 
finding. The diagnosis of CHF was made by the individu- 
al investigator, confirmed by review of medical records 
and was based on standard criteria including (1) the 
presence of symptoms (i.e., shortness of breath, exertional 
and paroxysmal nocturnal dyspnea and orthopnea); (2) 
physical findings including an enlarged heart, sinus 
tachycardia, a third heart sound, rales, neck vein disten- 
tion, peripheral edema and hepatomegaly; (3) treatment 
consistent with CHF; and (4) confirmatory laboratory 
data including evidence of failure on chest x-ray or signif- 
icant LV dysfunction determined by radionuclide scan or 
echocardiography. 

A global LVEF was determined by radionuclide or 
contrast ventriculography in 439 patients. LVEF was 
<30% in 133 patients (30% of 439), 30 to 45% in 129 
patients (30%) and >45% in 177 (40%). In those with 
clinical CHF, LVEF was 34%, whereas in those without a 
history of CHF it was 52% (p <0.01). A history of a 
sustained ventricular tachyarrhythmia was seen more of- 
ten among patients with a history of CHF (p <0.01) as 
well as those with LVEF <30% (Table III). 

During the course of therapy with moricizine, CHF 
occurred in 7.1% of patients (76 of 1,072) (Table IV). 


Total population (n = 1,072) 
Prior CHF (n = 467) 

No prior CHF (n = 605) 
Dose (mg/day) 


NS = not significant. 
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TABLE V Relation Between Incidence of Adverse Reactions 
and History of Congestive Heart Failure (CHF) 


Incidence of Adverse Effects (%) 


No Prior CHF 
(n = 605 pts.) 


Prior CHF 


Adverse Reactions (n = 467 pts.) 


Cardiovascular* 
Neurologic 
Gastrointestinal 
Systemic 
Special senses 
Pulmonary 
Dermatologic 
Genitourinary 
Metabolic 
Musculoskeletal 
Hematologic 

* Conduction abnormalities, hypotension and arrhythmia aggravation were more 


frequent in patients with CHF. 
NS = not significant. 


CHF was judged to be definitely related to moricizine 
therapy in 12 patients (1%), whereas in 12 patients (1%) 
it was possibly due to drug. The average daily dose of the 
drug was equivalent in those in whom CHF developed 
(865 mg) compared with those in whom this complication 
did not develop (869 mg, p = NS). Of the 467 patients 
with a history of CHF, 15% had a worsening of CHF. In 
contrast, only 5 of 605 patients (0.8%) without previous 
CHF developed this complication. The average LVEF 
was 34% in the group of patients with a history of CHF, 
whereas it was 25% in the subjects who developed a 
worsening of CHF. 

CHF occurred in 53% within 2 weeks and within 3 
months in 69% of these patients. All but 2 patients devel- 
oped this complication within the first year. There was no 
relation between the daily dose of moricizine and the 
development of congestive failure. The incidence of CHF 
was 5.2, 8.2, 5.6, 6.6 and 2.4% in those receiving <600, 
600, 750, 900 and >900 mg, respectively (p = NS). Of 
the 76 patients in whom CHF developed during morici- 
zine therapy, 43% discontinued taking the drug, whereas 
the remaining patients were treated medically and con- 
tinued to receive therapy. 


TABLE VI Relation Between Incidence of Adverse Reactions 
and Left Ventricular Ejection Fraction (LVEF) 


Incidence of Adverse Effects (%) 


LVEF <30% 
(n = 133 pts.) 


LVEF 30-45% 
(n = 129 pts.) 


LVEF >45% 
(n = 177 pts.) 


Cardiovascular 
Neurologic 
Gastrointestinal 
Systemic 
Special senses 
Pulmonary 
Dermatologic 
Genitourinary 
Metabolic 
Musculoskeletal 
Hematologic 


p = NS for all values. 
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Moricizine was also administered to 98 patients with a 
recent myocardial infarction as part of the Cardiac Ar- 
rhythmia Pilot Study (CAPS). A history of CHF was 
present in 23 patients, but worsening of CHF did not 
occur in any patient during drug therapy. None of the 75 
patients without a history of CHF developed this compli- 
cation. 

In conclusion, the precipitation of CHF during mori- 
cizine therapy is uncommon and occurs primarily in pa- 
tients with a prior history of CHF and a low LVEF. 


RELATION BETWEEN ADVERSE EFFECTS 
FROM ANTIARRHYTHMIC DRUGS AND 
LEFT VENTRICULAR FUNCTION 

Whereas it might be expected that adverse effects 
from antiarrhythmic drugs would occur more often in 
patients with CHF, data are sparse. Most of the previous 
studies reporting the results of therapy with antiarrhyth- 
mic drugs do not address this issue. However, it has been 
reported that the provocation of CHF is seen more often 
in patients with a history of CHF.!’:!8 A similar relation 
has been reported with aggravation of arrhythmia.** 

All antiarrhythmic drugs can cause arrhythmia ag- 
gravation and this is one of the most serious adverse 
effects associated with this class of drug. Velebit et al>> 
retrospectively reviewed 722 antiarrhythmic drug tests 
involving 155 patients and reported an 11.1% incidence of 
arrhythmia aggravation. In this study, it did not appear 
that the degree of cardiac dysfunction before testing was 
predictive of this complication. However, in a recent up- 
date of this complication, Slater et al^ observed that the 
presence of a reduced LVEF <35% and a clinical his- 
tory of CHF was predictive of arrhythmia aggravation 
(p = 0.04). Morganroth and Horowitz* also reported 
that the incidence of arrhythmia aggravation was higher 
in patients with LV dysfunction. In the recent study by 
Pratt et al,'® similar data were reported. The average 
LVEF was 30% in those who had arrhythmia aggravation 
compared with 45% in drug responders (p <0.0001). 
Among the 101 patients with LVEF <40%, 13 had ar- 
rhythmia aggravation. In contrast, this complication oc- 
curred in only 8 of 145 patients (5.5%) with LVEF >40%. 
The relation between other drug-related adverse effects 
and LV function have not been reported. 

Relation between left ventricular function and ad- 
verse effects from moricizine: The data base of 1,072 
patients receiving moricizine was analyzed in order to 
establish a relation between CHF (Table V) and LVEF 
(Table VI) and the incidence of adverse effects with this 
agent. 

Cardiovascular: A cardiovascular adverse reaction 
occurred in 177 patients (16.5%), of whom 88 (18.8%) 
had a history of CHF while 89 patients (14.7%) did not 
have failure. There was no significant difference in the 
frequency of any cardiovascular adverse effect between 
those with and without failure. The only exceptions were 
an intraventricular conduction delay which occurred 
more often in patients with CHF (4.1 vs 1.8, p = 0.04) 
and hypotension, and also more frequently in patients 
with CHF (1.7 vs 0.03%, p = 0.04). As with other agents, 





arrhythmia aggravation due to moricizine was also more 
common in patients with a history of CHF. Of the 467 
patients with clinical CHF, 35 (7.5%) had arrhythmia 
aggravation within 14 days of the initiation of therapy, 1 1 
(2.4%) of whom died suddenly. In contrast, arrhythmia 
aggravation occurred in only 15 of 605 patients (2.5%) 
who did not have CHF and only 2 patients (0.3%) died 
suddenly (p = 0.002). 

When analyzed by LVEF, 21.8% of patients with 
<30% EF had a cardiovascular side effect, 19% with an 
EF 30 to 45% had a cardiovascular adverse reaction and 
14% with >45% reported a cardiovascular side effect. 
The incidence of each type of adverse reaction was equiv- 
alent in all 3 groups. 

Nervous system: An adverse reaction involving the 
central nervous system occurred in 14% of patients with 
and 13% without CHF (p = NS). There was no signifi- 
cant difference in the frequency of any neurologic adverse 
reaction between those with and without CHF. When 
analyzed by LVEF the incidence of any neurologic com- 
plaint was similar in 3 subgroups (14 vs 18 vs 16%, 
p= NS). 

Gastrointestinal: An adverse reaction involving the 
gastrointestinal system was reported by 11% of those with 
CHF and 9% among patients without CHF (p = NS). 
The incidence of each gastrointestinal side effect was the 
same in those with and without CHF. Nausea was more 
frequent in those with CHF (7 vs 4%), but this was not 
statistically different. Gastrointestinal side effects tended 
to be more frequent in patients with an LVEF <30% 
(13%) than in those with 30 to 45% (10%) and in those 
with an EF >45% (8%), but this did not reach statistical 
significance. This was primarily due to a greater inci- 
dence of nausea among these patients (8 vs 3 vs 5%). 

Respiratory system: Adverse reactions involving the 
respiratory system were more frequent in those with CHF 
(5 vs 1%, p = 0.001), primarily related to a greater inci- 
dence of dyspnea and pulmonary congestion in those with 
a history of CHF. All other pulmonary complaints were 
of equal frequency in those with and without CHF. As 
expected, adverse pulmonary reactions occurred more 
often in the group with the lowest LVEF (8 vs 2%), 
primarily because of an increased frequency of dyspnea 
and pulmonary congestion in this group. 

Other systéms: There was no significant difference in 
the incidence of adverse reactions, which were infrequent, 
involving the dermatologic, urologic, musculoskeletal, en- 
docrine, hematopoietic or ophthalmologic systems in 
those with and without CHF. Similarly, there was no 
relation to LVEF. 


RELATION BETWEEN DRUG EFFICACY AND 
CONGESTIVE HEART FAILURE 

When assessing the efficacy of a drug in patients with 
CHF, important factors to consider include the charac- 
teristics of the patient population in whom the drug is 
given, as well as the criteria used for determining efficacy. 
Patients differ from one study to another and even within 
a study with regard to etiology of the heart disease, symp- 
tomatology, NYHA class, symptomatic vs asymptomatic 
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arrhythmia, LVEF, etiology of CHF and presence of co- 
morbid conditions. Such variability has obvious implica- 
tions for the application of study results to patients in 
clinical practice. Another problem relates to the defini- 
tion of efficacy used by various studies which include the 
degree of arrhythmia suppression, the prevention of sus- 
tained arrhythmia or the prevention of sudden death and 
reduction in mortality. 

Some investigators have chosen the abolition of ven- 
tricular arrhythmia documented either invasively by elec- 
trophysiologic testing or noninvasively by ambulatory 
monitoring as an end point for defining drug effective- 
ness. However, the percentage of ventricular arrhythmia 
suppression necessary is uncertain and it is unclear how 
reliably suppression correlates with prevention of sudden 
cardiac death, especially in patients With LV dysfunction. 
Graboys et al°’ reported that the suppression of nonsus- 
tained VT on monitor and exercise testing predicted im- 
proved survival in a subset of patients with a history of a 
hemodynically significant sustained ventricular tachyar- 
rhythmia and LV dysfunction. However, there are no 
data to suggest that arrhythmia suppression based on 
noninvasive techniques will prevent a sustained ventricu- 
lar tachyarrhythmia in patients with CHF who have 
asymptomatic arrhythmia. Furthermore, studies evaluat- 
ing patients with an idiopathic dilated cardiomyopathy 
and CHF who have had a hemodynamically significant 
ventricular tachyarrhythmia have reported that nonin- 
ducibility of arrhythmia during electrophysiologic testing 
while taking antiarrhythmic drugs does not always pre- 
dict freedom from recurrence.°*? This remains contro- 
versial, however, because other studies®® involving pa- 
tients with idiopathic dilated cardiomyopathy have re- 
ported that noninducibility with electrophysiologic 
testing during antiarrhythmic therapy is predictive of a 
good prognosis. However, only a small number of such 
patients with a cardiomyopathy are rendered noninduci- 
ble. 

Brodsky et al®! studied 20 patients with CHF and 
symptomatic ventricular arrhythmia. Patients were treat- 
ed with single or combination antiarrhythmic drug thera- 
py, the second drug being a 8 blocker in 55%. One-year 
survival was 89%, which compared favorably to the ex- 
pected 40 to 60% survival in this patient population. How- 
ever, these results may be confounded by the use of 6 
blockers, making an assessment of the independent effect 
of antiarrhythmic therapy difficult to evaluate. In a 2- 
phase study by Cleland and Dargie,®* 62 patients with 
CHF underwent exercise testing and those in whom VT 
developed had a significantly reduced 2-year survival 
(22%) than the group without arrhythmia (55%). Twen- 
ty-two patients entered a placebo-controlled, crossover 
trial with amiodarone. This drug effectively suppressed 
exercise-induced ventricular arrhythmia, but survival 
was not reported. 

In a nonrandomized study, Chakko and Gheorghiade> 
evaluated 43 patients with CHF and asymptomatic ven- 
tricular arrhythmia, 23 of whom were treated with a type 
1A antiarrhythmic agent, whereas 22 did not receive an 
antiarrhythmic drug. After a 16-month follow-up, overall 
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TABLE VII Relation Between History of Congestive Heart 
Failure (CHF), Presenting Arrhythmia and Arrhythmia 
Suppression 


No Prior CHF 
(n = 360 pts.) 


Prior CHF 
(n = 164 pts.) 


Age (yrs) 


% patients with: 


Sustained arrhythmia 

LVEF (%) 

% responders! 

% VPC suppression 

% with NSVT elimination 

* p <0.01. 

j ely heh for response is >75% reduction in VPCs. 


Abbreviations as in Tables III and IV. 


mortality and sudden cardiac death were equivalent in 
the 2 groups, but in this study there was no attempt to 
suppress arrhythmia. Parmley and Chatterjee* reported 
on 78 patients with severe CHF, of whom 39 patients 
were treated with a type 1A antiarrhythmic or amioda- 
rone. After a 6-month follow-up, sudden death mortality 
was reduced when compared with patients not taking 
antiarrhythmic therapy. However, this was not a ran- 
domized trial and therapy was not guided by arrhythmia 
suppression. 

A weakness of each of these trials is that they are not 
controlled. Further studies randomizing patients with 
CHF to suppressive therapy or placebo are needed before 
firm conclusions regarding antiarrhythmic drug use in 
such patients can be made. 

There have been several reports that antiarrhythmic 
drugs are more effective in patients with preserved LV 
function. In a retrospective review of 94 patients with a 
sustained ventricular tachyarrhythmia, Hohnloser et al® 
reported that the overall efficacy rate of antiarrhythmic 
drugs was significantly lower in patients with reduced 


TABLE VIII Relation Between Left Ventricular Function 
Moricizine Dose and Arrhythmia Suppression 


Dose (mg/day) 


600 >900 
73 
90 


% VPC Suppression 


750 900 
LVEF <30% 8 79 81 
LVEF 30-45% 9 84 87 
LVEF >45% 
Prior CHF 


No prior CHF 


2 
4 


LVEF <30% 

LVEF 30-45% 

LVEF >45% 

Prior CHF 

No prior CHF 

* Criterion for response is >75% decrease in VPCs. 


p = NS for all groups. 
CHF = Congestive heart failure; other abbreviations as in Tables III and IV. 
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LVEF. In those with LVEF <35%, drugs tested were 
effective in only 34% of studies compared with a 46% 
efficacy rate in those. with LVEF >35% (p = 0.03). 
LVEF was an independent predictor of drug efficacy and 
was significantly lower in patients who did not respond to 
drugs (29 vs 42% in responders, p = 0.017). Additionally, 
LVEF was an independent predictor of long-term out- 
come. LVEF was 31% in patients with arrhythmia recur- 
rence compared with 44% in patients who remained free 
of arrhythmia during follow-up. Of 49 patients with an 
EF >35%, there were 2 sudden deaths and 6 nonfatal 
recurrences. In contrast, there were 7 sudden deaths and 
13 recurrences among the 45 patients with LVEF <35% 
(p = 0.003). In a larger group of 161 patients with coro- 
nary artery disease, Lampert et al®* reported that the 
average LVEF in patients who responded to antiarrhyth- 
mic drugs was 40% compared with 32% in nonresponders 
(p <0.05). Additionally, a clinical history of CHF was 
more frequent in nonresponders than in drug responders 
(55 vs 36%, p = 0.017) as was cardiomegaly on chest x- 
ray (63 vs 38%, p = 0.002). Independent predictors of 
arrhythmia recurrence included a clinical history of CHF 
(p = 0.0009), evidence of CHF on physical examination 
(rales, S3) (p <0.05) and LVEF (p <0.002). 

In the recent study of Pratt et al,!8 responders to drugs 
had a significantly greater LVEF (39 vs 26%) (p = 0.04). 
Of the 101 patients with LVEF <40%, arrhythmia sup- 
pression occurred in 26% compared with 39% of those 
who had an EF >40%. Nonsustained VT was present in 
132 patients and these forms were suppressed in 67% of 
those with an EF >40%, compared with suppression in 
only 47% of those with an EF <40% (p = 0.03). When 
LVEF >30% or <30% was considered, suppression was 
achieved in 67 vs 36%, respectively (p = 0.0008). 

In several studies involving individual drugs, a similar 
relation between response to drug and LV function had 
been reported. Tordjman et al® reported on 102 patients 
receiving encainide. The response rate was 50% in pa- 
tients with LVEF >35% while only 29% of those with 
LVEF <35% responded. In a study of tocainide therapy, 
Hohnloser et al® reported that LVEF was significantly 
greater in responders than nonresponders (43 vs 37%). 

Relation between left ventricular function and effica- 
cy of moricizine: Adequate ambulatory monitoring (218 
hours) at baseline was obtained in 524 patients, of whom 
164 had and 360 did not have a history of CHF. Drug 
efficacy, defined as 275% suppression of VPCs, was 
achieved in 57% of patients with a history of CHF and in 
55% of patients without CHF (p = NS) (Table VII). 
Mean VPC suppression was 85% in patients with com- 
pared to 88% in those without CHF (p = NS). Complete 
elimination of runs of nonsustained VT was achieved in 
54% of patients with CHF, whereas abolition of runs was 
achieved in 64% of those without failure. Moreover, the 
percentage of patients responding to moricizine and the 
mean percentage of VPC suppression in patients with and 
without CHF were equivalent to all doses more than 600 
mg/day (Table VIII). 

Of the 220 patients with adequate ambulatory moni- 
toring data who had measurement of LV function, LVEF 





was <30% (mean 21%) in 46 patients, 30 to 45% (mean 
38%) in 57 patients and >45% (mean 59%) in 117 pa- 
tients (Table IX). A clinical history of CHF was present 
in 76, 42 and 18% of patients, respectively, in the 3 
groups. Drug efficacy was achieved in 50% of patients 
with LVEF <30%, in 51% of patients with LVEF 30 to 
45%, and in 59% of those with LVEF >45% (p = NS). 
Mean reduction in VPCs in the 3 subgroups was 80, 88 
and 91%, respectively (p = NS). Similarly, the number of 
patients with complete abolition of runs of nonsustained 
VT was equivalent in the 3 subgroups: 49, 54 and 63%, 
respectively (p = NS). The percentage of patients re- 
sponding to moricizine and the mean percent of VPC 
suppression were equivalent at each dose level within 
each subgroup of patients (Table VIII). 

In addition, ambulatory monitoring data are available 
for all patients (n = 98) entered into CAPS. The criterion 
for efficacy in this study was 270% reduction of VPCs 
and >90% reduction of runs of nonsustained VT. Of the 
23 patients with clinical CHF, 16 (70%) responded to 
moricizine, whereas 66% (49 of 75) without CHF re- 
sponded (p = NS). Of the patients in the study, 22 had 
LVEF <30%, of whom 12 (55%) responded to morici- 
zine. Among the 25 with LVEF of 30 to 45%, 16 patients 
(64%) responded, whereas 73% (37/51) of those with an 
EF >45% responded. Although there was a trend for a 
higher response rate when LVEF was greater, these dif- 
ferences were not significant. 

In studies involving only patients with a history of 
refractory sustained ventricular tachyarrhythmias, mori- 
cizine is more effective in patients with better LV func- 
tion. Pratt et al®’ reported on 50 patients with serious 
ventricular arrhythmia who were treated with moricizine. 
Discontinuation of the drug because of inefficacy was 
more frequent in patients with a lower LVEF. Thus, 61% 
of patients with LVEF >30% responded to the drug com- 
pared with 22% response rate in those with LVEF <30% 
(p <0.04). The average LVEF was lower in nonre- 
sponders than in responders (32 vs 42%, p <0.01). Ina 
report by Hession et al®* involving 102 patients with 
malignant ventricular arrhythmias managed noninva- 
sively, 35% of patients with LVEF >40% (mean 58%) 
responded to the drug compared with an 18% response 
rate in those with LVEF <40% (mean 25%) (p <0.05). 
The average LVEF was 46% in responders compared 
with 39% in nonresponders (p <0.05). 


CONCLUSION 

Patients with CHF have a poorer response to antiar- 
rhythmic drugs and are more likely to experience serious 
toxic side effects, particularly aggravation of arrhythmia 
and exacerbation of CHF, than patients without CHF. 
However, unlike other drugs, moricizine appears to be 
equally effective in patients with frequent ventricular ar- 
rhythmia irrespective of LV function or history of CHF. 
However, in patients presenting with serious sustained 
ventricular tachyarrhythmias, moricizine is less effective 
when LVEF is reduced and CHF is present. Like other 
agents, arrhythmia aggravation and exacerbation of 
CHF are more frequent in patients with a history of CHF 
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TABLE IX Relation Between Left Ventricular Ejection 
Fraction (LVEF), Presenting Arrhythmia and Arrhythmia 
Suppression 


Baseline LVEF (%) 


30—45 >45 
(n =57 pts.) (n= 117 pts.) 


History of CHF (%) 
% patients with 
VPCs 
NSVT 
Sustained arrhythmia 
% responders* 
% VPC suppression 
% patients with NSVT 
elimination 


* Criterion for efficacy is >75% decrease in VPCs. 
TR 

p=NS. 
Abbreviations as in Tables III and IV. 


and a reduced LVEF. However, the frequency of other 
adverse effects caused by moricizine is unassociated with 
the state of LV function. Moricizine appears to be as well 
tolerated in patients with CHF as in those with intact LV 
function. 
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Placement of Moricizine in the Selection of 
Antiarrhythmic Drug Therapy 


Joel Morganroth, MD 


The selection of antiarrhythmic drug therapy re- 


quires a careful assessment of the benefits of ven- 
tricular arrhythmia suppression compared with the 
risks of antiarrhythmic drug use. Since reduction in 
sudden cardiac death from ventricular arrhythmia 
suppression has not been demonstrated, the only 
indications for antiarrhythmic drug suppression in- 
volve the reduction of hemodynamic symptoms 
such as syncope (a major benefit ) or the reduction 
of nonhemodynamic symptoms such as palpitations 
or dizziness (a minor benefit). Noncardiac adverse 
effects and organ toxicity as well as cardiac side ef- 
fects must be considered when antiarrhythmic drug 
therapy is initiated. For reduction of nonhemody- 
namically important symptoms in patients with be- 
nign or potentially lethal ventricular arrhythmias, 8 
blockers are chosen as first-line therapy. Because 
of moricizine’s relatively high effectiveness in sup- 
pressing ventricular arrhythmias and its low poten- 
tial for noncardiac adverse effects and organ toxici- 
ty as well as a low incidence of induced proarrhyth- 
mia and heart failure, moricizine is selected as the 
next drug in line. All other class | antiarrhythmic 
drugs either have been shown to have the potential 
for increasing sudden cardiac death or have major 
rates of noncardiac adverse effects or organ toxici- 
ty that preclude their use in these patient groups 
except in special circumstances. In patients with 
malignant ventricular arrhythmias who present 
with hemodynamic consequences such as syncope 
or worse, moricizine also is preferred as an initial 
drug for consideration. When compared to drugs 
with class IA and IB action, moricizine has compa- 
rable efficacy yet lower rates of noncardiac adverse 
effects, organ toxicity, proarrhythmia and heart 
failure. After moricizine, the therapy of choice 
would be quinidine or procainamide or a combina- 
tion of drugs with class IA and IB action followed 
by drugs with class IC action and then amiodarone. 
Because of patient heterogeneity, careful analysis 
of the actual risk vs benefit of antiarrhythmic drug 
therapy must be considered for each individual pa- 
tient. This algorithm should only be considered a 
general guideline requiring careful consideration 
for individual patient use. 

(Am J Cardiol 1990;65:65D-67D) 
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tial selection of antiarrhythmic agents in the treat- 

ment of ventricular arrhythmias, it is important to 
remember that the decision to administer such therapy 
principally rests on the physicians assessment of its risk vs 
benefit ratio. Table I details the potential risks and bene- 
fits that should be considered during this clinical decision- 
making process. Whereas prevention of sudden cardiac 
death is the principal benefit sought by physicians in their 
treatment of patients with high-risk ventricular arrhyth- 
mias, only antiarrhythmic agents with class II action (8 
blockers) have shown that such a benefit is possible.! In 
fact, the Cardiac Arrhythmia Suppression Trial (CAST) 
has demonstrated that reduction of ventricular prema- 
ture complexes, at least by drugs with class IC action? 
such as encainide and flecainide, have been associated 
with an enhanced rate of sudden cardiac death rather 
than the reverse.* Until further drug-specific mortality 
trials demonstrate the actual prevention of sudden cardi- 
ac death, this potential benefit from ventricular arrhyth- 
mia reduction should not be used in defining indications 
for antiarrhythmic drug use. 

The only established indication for the treatment of 
ventricular arrhythmias, as of this date, is the reduction 
or elimination of symptoms demonstrated to be secon- 
dary to the ventricular arrhythmia. One should document 
that symptoms reported by patients are due to a specific 
ventricular arrhythmia because often there is a poor cor- 
relation between what is presumed to be a ventricular 
arrhythmia-related symptom and, in fact, the presence of 
such an arrhythmia.* When the symptom from the ven- 
tricular arrhythmia is hemodynamically important such 
as syncope, ischemia, cardiac failure or collapse, then the 
benefit of its removal has a major impact on the patient’s 
life. In this setting, the risks of antiarrhythmic drug ther- 
apy reach a different threshold of concern. Obviously, 
when the only indication for antiarrhythmic drug ther- 
apy for the treatment of ventricular arrhythmias is the 
elimination of nonhemodynamically important symp- 
toms such as palpitations or lightheadedness, which 
would be only a minor benefit to the patient’s life, then 
the potential risk of drug therapy becomes paramount. 
For example, if a patient with benign or potentially lethal 
ventricular arrhythmias>® is being treated only for the 
purpose of eliminating life-style-limiting palpitations, the 
benefit would be graded as “minor.” If the drug selected 
for such therapy had the potential risk of a high rate of 
noncardiac adverse effects and high rate of organ toxicity 
such as agranulocytosis, then the risks of such therapy 
seem to clearly outweigh the potential benefit. On the 
other hand, if a patient had recurrent syncope due to a 
malignant life-threatening ventricular arrhythmia such 
as paroxysmal sustained monomorphic ventricular tachy- 


Bi: considering recommendations for differen- 





A SYMPOSIUM: ROLE OF MORICIZINE IN MANAGEMENT OF VENTRICULAR ARRHYTHMIAS 


TABLE I Risks Versus Benefits of Antiarrhythmic Drug 
Therapy 


Degree of Importance 


Benefits 
Reduction in sudden cardiac death 
Reduction in hemodynamic symptoms 
such as syncope or worse 
Reduction in nonhemodynamic 
symptoms such as pal- 
pitations & dizziness 
Risks 
Noncardiac side effects 
Organ toxicity 
Cardiac side effects 
Proarrhythmia 
Heart failure 
Conduction defects 


Minor 
Major 
Minor-Major 


cardia, then the potential benefit of eliminating such he- 
modynamically important consequences would be graded 
as “major.” Risk with such drug therapy such as noncar- 
diac side effects or the occurrence of non-life-threatening 
proarrhythmia or heart failure would produce a low 
threshold of concern. Even a major risk such as the poten- 
tial for organ toxicity might also be less of a problem if 
that organ toxic rate was quite low. 

Table II details the comparison of the available oral 
antiarrhythmic drugs for the treatment of ventricular 
arrhythmias (in the United States) and compares these 
drugs with moricizine, the focus of this symposium. Be- 
fore the CAST,” encainide and flecainide were regarded 
as having the best benefit vs risk ratio for therapy in 
patients with symptomatic ventricular arrhythmias.’ 
This decision was based on their potential for suppression 
of ventricular arrhythmia as the most effective compared 
with drugs with classes IA, IB, II and III action.’ In 
addition, no antiarrhythmic drug had a lower noncardiac 


TABLE Il Comparative Risks of Antiarrhythmic Agents 


LV Function at Baseline 
Normal Abnormal 
Organ 


Toxicity Pro-A CHF 


Pro-A CHF 


Class | 
A 
Quinidine Mod Mod 
Procainamide High Mod 
Disopyramide None-low Mod 
B 


Tocainide 
Mexiletine 
C 

Encainide 
Flecainide 
D 

Moricizine 


High 
Low 


None-low 
None-low 


Low 


Low 
Low 


Low 
Low 


Low 


Class Il 
B blockers 
Class III 
Amiodarone 


None-low Low 
Highest N/A 


CHF = congestive heart failure; N/A = not applicable; NCAE = noncardiac adverse 
effects; Pro-A = proarrhythmia. 
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adverse-effect rate, potential for organ toxicity, or poten- 
tial for early proarrhythmia or induction of heart failure 
in patients with benign or potentially lethal ventricular 
arrhythmias. Conversely, drugs with class IC action were 
considered to be toward the end of the algorithm for drug 
selection in patients with malignant ventricular arrhyth- 
mias® because encainide and flecainide had no better 
efficacy than other antiarrhythmic agents, yet they had 
the highest potential for proarrhythmia. Nevertheless, 
the benefit of reducing hemodynamically important 
symptoms in patients with malignant ventricular arrhyth- 
mias is a major one; therefore, although the risks of proar- 
rhythmia may be high (about 15 to 20%),?"'! the benefit 
vs risk ratio would be such that drugs with class IC action 
would still be considered for therapy in such patients, but 
obviously not until other drugs with better profiles had 
first demonstrated lack of success. 


ALGORITHM FOR ANTIARRHYTHMIC DRUG 
THERAPY FOR PATIENTS WITH 
VENTRICULAR ARRHYTHMIAS 

When one considers the antiarrhythmic drugs listed in 
Table II and integrates the risk vs benefit data available 
for therapy, an algorithm for the selection of antiarrhyth- 
mic drug use can be formulated. Such an algorithm must 
be considered a “personal approach” since no controlled 
scientific comparative data exist that precisely estimates 
risk vs benefit ratios among the marked heterogeneous 
groups of patients under consideration. Table III details 
this suggested algorithm in relation to the 2 principal 
indications available for therapy of ventricular arrhyth- 
mias, namely, reduction of nonhemodynamic symptoms 
such as palpitations or dizziness as would be found in 
patients with benign or potentially lethal ventricular ar- 
rhythmias>° or the reduction of hemodynamic symptoms 
such as syncope or worse that would be found in patients 
with malignant ventricular arrhythmias. If the physician 
determines that a reduction of nonhemodynamically im- 
portant symptoms is worth the cost and the potential risk 
inherent in any drug, we would prefer initiating therapy 
with one of the available 8 blockers because of their low 
risk of noncardiac adverse effects, organ toxicity, proar- 
rhythmia and congestive heart failure in patients with 
reasonably preserved left ventricular function at rest. To 
date, only acebutalol and propranolol are approved by the 
Food and Drug Administration for control of ventricular 
arrhythmias. We select these agents as first-line despite 


TABLE Ill Algorithm for Antiarrhythmic Drug Use for 
Ventricular Arrhythmias 


Indication Drug Selection 


8 blockers — moricizine — 
encainide or flecainide — 
mexiletine or disopyramide — 
quinidine / procainamide / 
tocainide 

Moricizine — quinidine or 
procainamide — IA + IB —> IC — 
amiodarone 


Reduction of nonhemodynamic 
symptoms such as palpitations, 
dizziness 


Reduction of hemodynamic 
symptoms such as syncope 
or worse 





the fact that their relative efficacy is clearly less than 
drugs with class IC action, moricizine or quinidine.’ Our 
selection of 6 blockers as first-line is also influenced by 
the fact that these agents have been shown to reduce 
sudden cardiac death at least in a postmyocardial infarc- 
tion population although the mechanism of sudden death 
reduction is unknown.! We would then choose moricizine 
after 6 blockers because of its relatively high efficacy rate 
(about two-thirds of patients responding with an ade- 
quate reduction in ventricular premature complexes and 
nonsustained ventricular tachycardia), which is compa- 
rable to or better than all other class I agents except those 
with class IC action. We prefer moricizine over drugs 
such as encainide or flecainide because it also has a com- 
parable low rate of noncardiac adverse effects, organ 
toxicity, proarrhythmia and new heart failure, but to 
date, at least in the CAST study, moricizine has not been 
shown to increase the potential for sudden cardiac death.’ 
We would be reluctant to administer drugs after morici- 
zine for this indication because of the relatively minor 
benefit that treatment for this indication affords. How- 
ever, there are patients whose symptoms disturb their life- 
style sufficiently that when 6 blockers or moricizine fail 
to alleviate symptoms, other antiarrhythmic drugs, even 
though they have higher risks, should be considered. In 
patients without left ventricular dysfunction or previous 
myocardial infarction, we would still administer encai- 
nide or flecainide before drugs with IA or IB action. This 
position is taken because the potential rate of proarrhyth- 
mia with drugs such as quinidine appears to be higher 
than that with encainide or flecainide in patients with 
normal left ventricular function and that in postmyocar- 
dial infarction trials, drugs such as mexiletine (IB) have 
demonstrated increased mortality compared with place- 
bo.!2:!3 We would not choose to use encainide or flecai- 
nide in the treatment of patients with normal cardiac 
structure and symptomatic ventricular arrhythmias un- 
less the benefit to the patient was believed to be greater 
than their theoretical increased risk of sudden cardiac 
death. Beyond drugs with class IC action, we would select 
drugs such as mexiletine or disopyramide, which have 
relatively low risk of organ toxicity compared with drugs 
such as quinidine, procainamide and tocainide. 

In patients with malignant ventricular arrhythmias, 
the principlal indication for therapy would be the 
reduction of hemodynamically important symptoms. We 
would now choose moricizine as first-line therapy in light 
of its demonstrated low risk of proarrhythmia and con- 
gestive heart failure in this patient subgroup.'4 It also has 
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a low rate of noncardiac adverse effects and organ toxici- 
ty compared with other antiarrhythmic drugs that have 
previously been considered first-line such as quinidine 
and procainamide (Table II). If therapy with moricizine 
is unsuccessful, we would then administer drugs with 
class IA action because they have less cardiac adverse 
effect rates such as proarrhythmia than drugs with class 
IC action which we use at the end of this spectrum. The 
potential of combining drugs with IA or IB action would 
place them before drugs with IC action and, finally, we 
would select the most toxic antiarrhythmic drug, amioda- 
rone, as the last drug of choice in this sequence. 

The use of any algorithm must be tailored to the basic 
underlying cardiovascular condition of the patient who is 
undergoing indicated drug therapy. The choice of drugs 
will depend on the presence of underlying sinus node and 
conduction disease, use of certain concomitant medica- 
tions, presence of co-existing medical conditions that may 
interact with the adverse-effect potential of the drug, co- 
existence of supraventricular arrhythmias and other fac- 
tors. 
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Discussion 


Dr. Joel Morganroth (New York, New York): Dr. Big- 
ger, what would be the response to moricizine in patients 
with preexisting bundle branch or bifascicular, even tri- 
fascicular, block? Also, is there any information about 
changes in pacemaker threshold in patients on morici- 
zine? 

Dr. J. Thomas Bigger (New York, New York): Very 
little information is available. I think we would expect the 
same kind of thing you would see with any drug with class 
IA action. This drug has a fairly substantial effect on the 
HV interval. In fact, if anything, it has a greater effect 
than one usually sees with quinidine or procainamide. So, 
we should be cautious in this group of patients. I think 
you know that even drugs such as encainide and flecai- 
nide, although they do increase pacing thresholds, do not 
usually present a clinical problem. 

Participant: I believe that the Cardiac Arrhythmia 
Suppression Trial has shown that the ventricular prema- 
ture complex suppression hypothesis has little support for 
it. I am not so sure that one should be too dogmatic that 
it’s ruled out because encainide and flecainide may have 
caused a toxic effect, the reason for the increased mortali- 
ty seen. While encainide and flecainide may have been 
showing a slightly beneficial effect from a placebo base- 
line mortality of 1.5%, toxic effect may have pushed the 
mortality up rather than necessarily in validating totally 
the ventricular premature complex hypothesis. Studies 
with quinidine, disopyramide and mexilitine do not sug- 
gest that the hypothesis will be easily resurrected with 
other class I drugs. 

Dr. Morganroth: Physicians like to use blood level 
monitoring as a means to decide whether the drug has 
reached a toxic effect or whether more drug is required to 
reach an effect. How does the pharmacology of morici- 
zine help us to decide whether to recommend the use of 
blood level monitoring in patients treated with this agent? 

Dr. Lyle A. Siddoway (Washington, D.C.): While I 
think from the usual way that we use blood levels predict- 
ing efficacy, they are of no use in moricizine therapy. The 
only reason I might ever think about measuring them 
would be if you wanted something to compare if the 
patient down the road loses efficacy and you are con- 
cerned about compliance. Actually when you look at 
therapeutic ranges for all antiarrhythmics you find that 
the data they are based on are for the most part poor. 

Participant: Are there data available on moricizine’s 
use in animal models regarding changes in threshold of 
ventricular fibrillation? This question comes to mind: 
Could a late proarrhythmic effect be due to a change in 
threshold of ventricular fibrillation? 

Participant: There are no data that we know about on 
this issue. 

Dr. Morganroth: Is moricizine induction of its own 
metabolism of practical significance clinically or more of 
a pharmacological interest? 

Dr. Siddoway: Well it doesn’t look like it is clinically 
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important. I guess what you might think is that it induces 
its own metabolism, and the concentration is lower after 1 
week of treatment so that you may need to increase the 
dose. The drug is probably creating active metabolites as 
it increases its own metabolism. If you look at efficacy 
parameters or electrocardiographic interval changes, 
there are no differences as the moricizine plasma level 
decreases. So this appears not to be a clinically important 
issue. 

Dr. Morganroth: In congestive heart failure the phar- 
macokinetics of moricizine appeared to undergo little 
change. What are the data in renal and hepatic failure 
patients? 

Dr. Henry Pieniaszek (Wilmington, Delaware): In cir- 
rhotic patients we only have data on 3 patients, and there 
appears to be a 2.5-fold increase in oral clearance and in 
the half-life of the parent compound. I do not know what 
the relationship will be in the clinic. In renal failure pa- 
tients we have, so far, not seen any major change. 

Dr. Morganroth: What do we know about morici- 
zine’s effect in supraventricular arrhythmias? 

Dr. Sara Armstrong Mahler (Wilmington, Delaware): 
We have limited data in the United States. In the Soviet 
Union there has been a fair amount of data that demon- 
strate approximately a 70% response rate in patients with 
preexcitation in stopping reentrant arrhythmias. I be- 
lieve Du Pont will be making a decision shortly as to 
whether we will pursue the supraventricular arrhythmia 
claim. 

Dr. Untereker: What do we know about the long-term 
safety of moricizine administration? 

Dr. Mahler: As of February 1, 1987, 1,374 patients 
had received moricizine. Over 200 of these had been in 
clinical pharmacology studies and altogether there was a 
mean duration of dosing of 6 months. Over 520 patients 
had been dosed for more than 1 month of which 239 have 
had moricizine for longer than 1 year. Each of these 
patients was seen every 3 months for the first couple of 
years and then at least every 6 months thereafter. There- 
fore, we have a very large data base on long-term efficacy 
and safety regarding moricizine. 

Dr. Craig M. Pratt (Houston, Texas): Could I just 
comment on that because having seen the data bases of 
many drugs in patients who have been followed for a year, 
I know for a fact between Dr. Morganroth and myself, we 
have placebo-pulsed at 1 year or more at least 100 of 
those patients in order to show that the arrhythmia comes 
back, and with reinitiation of therapy the arrhythmia 
goes away. It is true that in about 20% of those patients 
the arrhythmia does not come back. I think there is more 
data long-term on moricizine than any other drug that I 
know of. While I totally agree we need more information, 
especially from long-term controlled trials, the fact of the 
matter is anybody in the audience that thinks that some 
other drug has all this wonderful long-term information is 
mistaken. 





Dr. Edward Platia (Washington, D.C.): Among the 
electrocardiographic effects that were shown, is it correct 
that moricizine does not change the QT interval? 

Dr. Pratt: Any change in the QT interval seen on 
moricizine has been clinically unimportant. 

Dr. Platia: Dr. Bigger presented the electrophysiolog- 
ic effects and noted that moricizine significantly de- 
creased the QT and therefore might be useful in patients 
with torsades de pointes and long QT situations. 

Dr. Bigger: I didn’t say that moricizine would be 
useful to treat torsades de pointes. However, I do think a 
drug that accelerates repolarization in ventricular tissue 
and has been shown to suppress artificially created early 
afterdepolarizations and triggered activity (a tissue mod- 
el of torsades) by accelerating repolarization would be 
unlikely to cause torsades. This is a prediction based on 
electrophysiologic properties of this agent. 

Dr. Toby Engel (Philadelphia, Pennsylvania): [n pa- 
tients in whom sustained ventricular tachycardia of the 
same form was induced with moricizine, what was the 
change in cycle length? And second, disregarding the 
complexities of the various stimulation protocols that 
were used, in patients in whom monomorphic ventricular 
tachycardia was reduced at baseline, was there a less than 
expected incidence of polymorphic ventricular tachycar- 
dia or ventricular fibrillation induced with the drug? 

Dr. Leonard N. Horowitz (Philadelphia, Pennsylva- 
nia): The mean slowing in tachycardia is intermediate 
between that reported with the class IC drugs and that 
reported with the class IB drugs. With the IA drugs, the 
amount of slowing shows a tremendous amount of vari- 
ability from a great deal to none at all. There is a modest 
average increase in cycle length with a very wide varia- 
tion. So there is moderate slowing when the arrhythmia 
remains inducible. There have been no dose-response 
studies of that phenomenon. Most of the patients in the 
data base had a single study on moricizine rather than 2 
or 3. There really are no data on your second question. 

Dr. Bigger: How do you judge moricizine compared 
to other drugs of class IA action in the malignant arrhyth- 
mia group being assessed by electrophysiologic methods? 

Dr. Horowitz: There really are no direct comparative 
data. I think there are 3 major concerns in deciding where 
you put a drug in an electrophysiologic approach in pa- 
tients with malignant arrhythmias: efficacy of the drug, 
overall toxicity (with proarrhythmia certainly one of the 
major concerns), and the length it takes to achieve a 
semblance of steady state. So, if you have a drug that 
takes 2 weeks to reach steady state, even if it is a wonder- 
ful drug, it is very difficult to evaluate that drug first. I 
think that moricizine fits in very nicely and would be used 
early, particularly because one can achieve steady state 
reasonably quickly and adjust dosage. It is also tolerated 
very well early. Its efficacy in the electrophysiology labo- 
ratory, like most of the drugs, is in the 20% range. I think 
that the IA drugs may have slightly better efficacy, but 
not statistically different, perhaps at about 25%. I think 
the IC drug may have slightly lower efficacy, again not 
statistically significant, and I think that the only drugs 
that that were less often effective in the electrophysiologic 
model would be the IBs at about 10%. Amiodarone be- 
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comes a problem because of its long half-life. I think and 
hope the argument as to whether the physiologic testing is 
predictive of amiodarone and its long-term effects is re- 
solved. 

If you study someone at 1 or 2 weeks and then study 
them at 1 or 2 months, you do pick up some additional 
patients whose arrhythmias become noninducible. Be- 
cause of difficulty with evaluating efficacy and chronic 
toxicity, amiodarone should remain last in the cascade of 
drugs you choose. When looking at the individual patient, 
moricizine, procainamide and quinidine are probably the 
best drugs to test early. 

Participant: In future studies do you think we ought 
to extend the dose range upward to increase efficacy? 

Dr. Horowitz: Yes. With a lot of drugs, it’s a problem 
to use higher doses before you get more toxicity such as 
heart failure and proarrhythmia. The patients have more 
severe cardiac and renal disease so they don’t metabolize 
or excrete the drugs as well. It does appear that these 
patients can tolerate higher doses of moricizine, however, 
both from the electrocardiographic effects and from the 
noncardiac toxicity issue as well. 

Participant: Is electrophysiologic testing valuable in 
predicting long-term clinical efficacy for moricizine? 

Dr. Horowitz: The chief flaw with the data relative to 
the electrophysiologic testing of moricizine is that there 
were a number of small studies, each with somewhat 
different criteria that were reanalyzed with a uniform set 
of criteria. There were a small number of deaths and a 
few sudden deaths—obviously due to ineffectiveness of 
the drug. If you look at the percentages over time, they 
are really not that much different than other data on 
drugs with IA, IB and IC actions or amiodarone. So the 
number of patients who had recurrent malignant ar- 
rhythmias was not particularly surprising. There are a lot 
of reasons for a striking fall-off in the number of patients 
who remain on moricizine long-term. Some have discon- 
tinued because of lack of efficacy in regard to the fre- 
quency of unsustained ventricular tachycardia on Holter 
monitoring. Others were discontinued because of long- 
term adverse effects or such effects were believed to be 
due to the drug but were not rechallenged. 

Some drugs were discontinued because of myocardial 
infarction, bypass graft surgery and the like, and others 
because of administrative causes. Therapy in at least half 
of the patients was discontinued probably because of rea- 
sons that we are not particularly concerned about. Final- 
ly, my view is that when one looks at the fall-off, it is not 
terribly different from what would be seen from the limit- 
ed data for other drugs with class I antiarrhythmic action. 

Dr. Sunil Das (Ann Arbor, Michigan): What is the 
experience in the treatment of arrhythmias in patients 
who have symptomatic states with structurally normal 
hearts? 

Dr. Pratt: One population that has been studied are 
patients with mitral valve prolapse who have symptomat- 
ic arrhythmias. In 1986, in The American Journal of 
Medicine, we reported our experience with 17 patients 
with mitral valve prolapse who were extremely bothered 
by side effects from drugs and continued to be bothered 
by their arrhythmias despite having normal ventricles. 
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A SYMPOSIUM: ROLE OF MORICIZINE IN MANAGEMENT OF VENTRICULAR ARRHYTHMIAS 


Over a mean of about 15 months of therapy, we had 
excellent results from moricizine. 

Dr. Bigger: | want to point out that moricizine’s effi- 
cacy was apparently relatively similar across a wide range 
of heart failure and function as measured by ejection 
fraction as shown by Dr. Podrid. Is that strikingly differ- 
ent than your experience with other agents? 

Dr. Philip J. Podrid (Boston, Massachusetts): The 
experience that I reported on is principally in patients 
with ventricular tachycardia and ventricular fibrillation 
who usually have poor left ventricular function. The data 
are not from a wide range in type of patients with ventric- 
ular arrhythmias. I don’t believe that such data bases 
have been analyzed in this fashion, but, in general, the 
experience I have had with a whole list of drugs in a large 
group of patients suggests that there is an association 
between efficacy and left ventricular function. We also 
have seen that same thing for moricizine. 

Dr. Bigger: In the Cardiac Arrhythmia Pilot Study, 
the percentage reaching efficacy using Holter monitoring 
criteria was substantially lower for encainide and flecai- 
nide in patients with ejection fraction less than 0.30. The 
gradient seemed to be much less steep or maybe even 
nonexistent for moricizine. 

Dr. Podrid: That is my feeling also. In the Cardiac 
Arrhythmia Pilot Study, there certainly was a difference 
between encainide and flecainide as compared to morici- 
zine. Certainly, for drugs such as propafenone, tocainide 
and encainide there has been a relationship between effi- 
cacy and left ventricular function. 

Participant: There appears to be an enormous disso- 
ciation between symptoms reported by the patient and 
what is observed on Holter monitoring. I wonder if it isn’t 
time for a placebo-controlled trial in this group of pa- 
tients? 

Dr. Morganroth: This is an extremely important point 
that you make. In fact, The Food and Drug Adminstra- 
tion has challenged the pharmaceutical industry as well 
as investigators to show that antiarrhythmic drugs can 
reduce symptoms. No one has been successful at docu- 
menting that relationship to date. As we know, there is a 
poor correlation between patient complaints of palpita- 
tion and the concomitant observation on Holter monitor- 
ing of a ventricular arrhythmia that may cause these 
symptoms. Another problem is that the drugs that we use 
cause dizziness, which of course is a principal symptom 
we are trying to treat. Thus, it is a very difficult scientific 
endeavor to do placebo-controlled trials in this area. One 
could raise the issue of surrogate end point—that if the 
ventricular arrhythmia was causing the symptoms and 
you got rid of the arrhythmia, by definition the symptoms 
would disappear. However, because of the complexity of 
this issue I am not so certain that this logic would be 
accepted by most people. 

Dr. Das: What is the mechanism of sudden death in 
patients who have heart failure? Second, as a plea, would 
you please tell us what you suggest we do with patients 
who have low ejection fractions and nonsustained ventric- 
ular tachycardia? Are we supposed to hold their hands or 
try to reduce their risk? 
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Dr. Podrid: Let me answer the second question first. I 
think there are substantial data to suggest that patients 
with congestive heart failure and runs of nonsustained 
ventricular tachycardia have an increased risk. We do not 
know whether or not that increased risk can be altered by 
drug therapy. Therefore I do not know what to do with 
these patients other than I know that they have an in- 
creased risk but I don’t know if I can alter it. I tell you 
that my general approach is to be a doctor. If I can find a 
drug that is effective and safe without making their fail- 
ure worse and is suppressing their arrhythmia, then I 
have had a bias to try to suppress those forms of arrhyth- 
mias because I do believe that the patient has an in- 
creased risk. I do admit right at the outset that I do this 
without any data. 

Regarding the question about mechanism, as you 
know Holter monitoring studies have shown that patients 
who have died while wearing this device have infrequent- 
ly had bradyarrhythmias as the cause of their death and 
the final common pathway is usually a ventricular tachy- 
arrhythmia. That is not to say it doesn’t occur. It is 
probably far less common. I don’t know what happens to 
patients with significant congestive heart failure. When 
they die, they usually die of an arrhythmia such as a 
brady- or tachyarrhythmia as the immediate cause of 
death. However, the arrhythmias might be precipitated 
by worsening failure. Ultimately, everyone dies of an 
arrhythmia for the most part, but what precipitates it 
may be the congestive heart failure as opposed to the 
primary event being arrhythmia in these patients. I am 
certain many of the patients in this regard die of bradyar- 
rhythmia, and usually we don’t know the mechanism as 
we didn’t know the mechanism in patients who died in 
the Cardiac Arrhythmia Suppression Trial. Thus, their 
deaths could have been from a brady- or a tachyarrhyth- 
mia since they were not monitored. 

Dr. Engel: I wonder or speculate about something that 
might be a proarrhythmic element for moricizine. I am 
going to suggest that should moricizine become more 
readily available to clinicians, there would be a tendency 
to use this drug in combination with quinidine and pro- 
cainamide. The indication for doing this might be obscure 
but the rationale may be that the patient has responded to 
quinidine and procainamide, and moricizine provides a 
drug with a low profile of side effects that doesn’t prolong 
the QT interval and therefore adding it to quinidine or 
procainamide might be analogous to the use of mexiletine 
or tocainide. Could you speculate about the dangers of 
this happening? 

Dr. Morganroth: | think the message to clinicians 
really should be that they should be cautious with their 
use of antiarrhythmic drugs. To put 2 antiarrhythmic 
drugs together at the same time is clearly potentially 
dangerous. One used to do that when there was a limited 
number of antiarrhythmic drugs available. With more 
drugs the tendency of course is not to use 2 drugs at the 
same time that are part of the same class. 

Nevertheless, our advice is that no physician should 
start with combination antiarrhythmic therapy. If one 
begins therapy with moricizine and it fails, one should 





discontinue that agent and use another. If one needs to go 
o combination therapy, I believe that moricizine should 
be considered as having a unique electrophysicological 
profile but having elements of many of the class I sub- 
proups. Thus, I would be cautious about its prominent use 

ith other class I antiarrhythmics until we have specific 
data in this regard. 

Dr. Podrid: In general, | am an advocate of drug 
ombinations but I am talking about their use in patients 
ith serious arrhythmias. Because these patients have 

such serious arrhythmias and serious heart disease, fre- 
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quently single drugs do not work and they often need a 
combination. I always test drugs singly first, as Dr. Mor- 
ganroth suggested, and never go to a combination as the 
first thing I do. I usually use a lower dose of both when I 
combine. I believe combined therapy has a greater possi- 
bility of a negative inotropic effect or arrhythmia aggra- 
vation, although I have not seen a case of arrhythmia 
aggravation when 2 drugs were combined without that 
side effect to begin with. I think the bottom line is that 
every patient has to be individualized. There is no pre- 
ferred combination. Each patient is different. 
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introduction 


William C. Roberts, MD, and Gerd Assmann, MD 


Ts subjects of the articles included in this sympo- 
sium initially were presented at a meeting in 
Washington, D.C., in September 1989. Roberts 
from Bethesda, Maryland, described both qualitatively 
and quantitatively the amounts of narrowing by athero- 
sclerotic plaques in the 4 major epicardial coronary arter- 
ies in patients with fatal coronary artery disease. The data 
indicated that about a third of the entire lengths of the 
major epicardial coronary arteries were narrowed >75% 
in cross-sectional area by plaques in all subsets of patients 
with fatal coronary artery disease. Patients with unstable 
angina pectoris had significantly more coronary narrow- 
ing than did patients with other subsets of coronary dis- 
ease. 

La Rosa from Washington, D.C., summarized the 
recommendations of the Expert Panel on the Detection, 
Evaluation, and Treatment of High Blood Cholesterol in 
Adults in the USA. 

Assmann from Münster, West Germany, summa- 
rized the guidelines developed by 2 European Consensus 
Conferences for treating patients with hyperlipidemia. 

Roberts from Bethesda, Maryland, developed an ar- 
gument advocating the use of lipid-lowering drugs in 
addition to low-fat, low cholesterol diet for virtually all 
patients with symptomatic atherosclerotic events irre- 
spective of the level of the serum (or plasma) total and 
low-density lipoprotein cholesterol levels at the time of 
the symptomatic atherosclerotic event. 

Tobert and associates from Rahway, New Jersey, and 
West Point, Pennsylvania, described preliminary results 
of an ongoing clinical trial involving 744 patients who 
received lovastatin for an average of 3.6 years. The drug 
was very effective and its adverse effects were minimal. 


% 


Walker and associates from Rahway, New Jersey, 
described results of clinical trials in both the USA and in 
other countries comparing the lipid-lowering effects of 
lovastatin and simvastatin to those of cholestyramine, 
gemfibrozil, benzafibrate and probucol in patients with 
severe hypercholesterolemia. The hydroxymethylglutaryl 
coenzyme A reductase inhibitors were the most effective 
in reducing the serum total and low-density lipoprotein 
levels. 

Martens and colleagues from Rotterdam, Maastricht, 
Utracht and Nieuwegein, The Netherlands, used a model 
of coronary artery disease incidence from the Framing- 
ham study to assess the cost-effectiveness of cholesterol 
lowering with simvastatin and cholestyramine in the pri- 
mary prevention of coronary artery disease in the Neth- 
erlands. The results suggested that simvastatin therapy 
was substantially more cost-effective than cholestyra- 
mine. 

Blankenhorn from Los Angeles, California, summa- 
rized results from 3 angiographic trials involving a total 
of 317 patients. They indicated that angiographic nar- 
rowings can be prevented from narrowing further (lack of 
progression) or can actually become less narrowed (re- 
gression) during a 2- to 5-year period when high serum 
total and low-density lipoprotein levels were lowered by 
diet or drugs, or both. 

Wissler and Vesselinovitch from Chicago, Illinois, 
summarized anatomic evidence in rabbits and monkeys 
that atherosclerotic plaques induced by atherogenic diets 
can regress substantially when the atherogenic diets are 
eliminated. 

Thank you Merck Sharp & Dohme for sponsoring 
this excellent symposium. 


William C. Roberts, MD (left) and Gerd Assmann, MD (right) 
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Diffuse Extent of Coronary Atherosclerosis in 
Fatal Coronary Artery Disease“ 


William C. Roberts, MD 


in 4 subsets of patients with coronary artery dis- 
ease, the amounts of narrowing of the 4 major epi- 
cardial coronary arteries were compared (left main, 
left anterior descending, left circumflex and right) 
by atherosclerotic plaques. Among 129 patients 
studied at necropsy, an average of 2.7 of the 4 
arteries were narrowed >75% in cross-sectional 
area at some point; in control subjects, narrowing 
was seen in an average of 0.7 arteries. Patients 
with unstable angina pectoris had a greater inci- 
dence of narrowing (3.2 arteries) than did patients 
with sudden coronary death (2.8), acute myocardial 
infarction (MI) (2.7) or healed Mi (2.3). Each of the 
4 major arteries was divided into segments 5 mm 
in length, and histologic sections were prepared 
and stained by the Movat method. A total of 6,461 
segments were analyzed from the 129 patients and 
1,849 from the 40 controls. In the 129 patients, 
35% of the 5-mm segments were narrowed 75 to 
100% in cross-sectional area (compared with 3% 
in control subjects). The group with unstable angi- 
na had the highest percentage (48%) of severely 
narrowed segments compared with the groups with 
sudden coronary death (36%), acute (34%) and 
healed MI (31%). Only 8% of the 6,461 segments 
were narrowed <25% in cross-sectional area, and 
virtually none of the 6,461 segments was normal; 
thus, 92% of the coronary segments were nar- 
rowed >25% in cross-sectional area by atheroscle- 
rotic plaque alone. Among patients with fatal coro- 
nary artery disease studied at necropsy, therefore, 
the atherosclerotic process is severe and diffuse in 
the major epicardial coronary arteries. 

(Am J Cardiol 1990;65:2F -6F) 


From the Pathology Branch, National Heart, Lung, and Blood Insti- 
tute, National Institutes of Health, Bethesda, Maryland. 

Address for reprints: William C. Roberts, MD, Pathology Branch, 
National Heart, Lung, and Blood Institute, Building 10, Room 2N2358, 
National Institutes of Health, 9000 Rockville Pike, Bethesda, Mary- 
land 20892. 


*This article in nearly similar form appeared in the August 1, 1989, 
issue of The American Journal of Cardiology. 
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rtherosclerotic coronary artery disease (CAD) is 
Ae: most common cause of death in the Western 

world. In the United States, 1 person dies every 
minute because of atherosclerotic CAD, and approxi- 
mately 6 million persons have symptomatic myocardial 
ischemia due to this disease. Furthermore, approximately 
250,000 coronary artery bypass grafting procedures and 
a similar number of coronary angioplasties were per- 
formed in the United States in 1988. 

The evidence is now overwhelming that atherosclero- 
sis is caused by elevated cholesterol levels; the higher the 
level of total blood cholesterol (specifically low-density 
lipoprotein cholesterol), the greater the risk of developing 
symptomatic CAD, the greater the chance of having fatal 
CAD, and the greater the extent of the atherosclerotic 
plaques. Conversely, lowering total blood cholesterol de- 
creases the risk of symptomatic or fatal CAD and in- 
creases the likelihood that some atherosclerotic plaques 
will actually become smaller (i.e., regress). Although the 
coronary arteries have been examined by visual inspec- 
tion at necropsy for more than 100 years, only recently 
has the extent of the atherosclerotic process in patients 
with symptomatic or fatal CAD become appreciated. 
This article reviews the status of the major epicardial 
coronary arteries in various subsets of patients with fatal 
atherosclerotic CAD. A similar review has appeared pre- 
viously. ! 


NUMBER OF SEVERELY NARROWED MAJOR 
EPICARDIAL CORONARY ARTERIES 

The most common method of describing the severity 
of CAD in patients with clinical evidence of myocardial 
ischemia is by the number of major epicardial coronary 
arteries narrowed >50% in luminal diameter, as deter- 
mined on angiography. Thus, patients are categorized as 
having either 1-, 2-, or 3-vessel or “left main” CAD. 
Because a 50% diameter reduction is generally equivalent 
to a 75% cross-sectional area narrowing, the latter figure 
is used as the cut-off point for “significant” as opposed to 
“insignificant” luminal narrowing at necropsy. Physio- 
logically, arterial flow is not obstructed until the lumen is 
narrowed >75% in cross-sectional area. 

Table I summarizes the number of major (right, left 
main, left anterior descending and left circumflex) epi- 
cardial coronary arteries narrowed >75% in cross-sec- 
tional area by atherosclerotic plaque alone in a study of 
patients with fatal CAD.' Among 129 patients with fatal 
CAD studied at necropsy, 516 major epicardial coronary 
arteries were examined; of these, 345 arteries (67%) were 
narrowed 76 to 100% in cross-sectional area at some point 
by atherosclerotic plaque. Among 40 control subjects 





TABLE I Number of Major (Right, Left Main, Left Anterior Descending and Left Circumflex) Coronary Arteries Narrowed >75% in 
Cross-Sectional Area by Atherosclerotic Plaque in Fatal Coronary Artery Disease 


Coronary Event 


Sudden coronary death 
Acute myocardial infarction 
Healed myocardial infarction 
Asymptomatic 
Chronic CHF without aneurysm 
Left ventricular aneurysm 
Angina pectoris /unstable 


Total (%) 
Controls (%) 


CHF = congestive heart failure; CSA = cross-sectional area. 
Reproduced with permission from Am J Cardiol! 


(mainly victims of acute leukemia who had no clinical 
evidence of myocardial ischemia during life), 160 major 
epicardial coronary arteries were examined; in contrast to 
the findings in the CAD patients, only 60 arteries (37%) 
were narrowed >75% in cross-sectional area at some 
point by plaque. Only 11 (8%) of CAD patients, vs 23% of 
controls, had a single coronary artery severely narrowed. 
Severe narrowing was present in 2 arteries in 37 patients 
(29%) vs 13% of controls, in 3 arteries in 64 patients 
(50%) vs 5% of controls, and in all 4 major arteries in 17 
patients (13%) vs no controls. Overall, then, an average of 
2.7 arteries in CAD patients, as opposed to 0.7 in controls, 
were narrowed >75% in cross-sectional area by plaque. 

The numbers of severely narrowed arteries among the 
various subsets of patients with CAD were similar, with 
the exception of the group with unstable angina (Table I). 
Among 31 patients with sudden coronary death,’ all of 
whom died outside the hospital (usually within a few 
minutes of onset of symptoms of myocardial ischemia), 
an average of 2.8 of the 4 major arteries were severely 
narrowed; this number was identical to that in 27 patients 
with transmural acute myocardial infarction (MI),? all of 
whom died in a coronary care unit. Only 2 of the 31 
sudden death victims, and none of the 27 acute MI vic- 
tims, had 1-vessel disease. 

Patients with healed MI were separated into 3 sub- 
groups. One subgroup consisted of those who had had an 
acute MI that had healed, with no subsequent clinical 
evidence of myocardial ischemia; these patients died from 
noncardiac causes (usually cancer).* Nevertheless, an av- 
erage of 2.2 of the 4 major coronary arteries were severely 
narrowed at necropsy in these patients. A second sub- 
group consisted of patients who had chronic congestive 
heart failure after healing of an acute MI, but in the 
absence of a left ventricular aneurysm; this group might 
be referred to as having “ischemic cardiomyopathy.” An 
average of 2.2 major coronary arteries were severely nar- 
rowed in these patients. The other subgroup of patients 
with healed MI had true left ventricular aneurysms.’ The 
average number of severely narrowed major coronary 
arteries in this group was 2.5. 

The third subgroup consisted of 22 patients with un- 


No. of Four Arteries /Pt > 75% | in CSA by Plaque 


3 


64 (50) 
5 (5) 


37 (29) 
12 (13) 


11 (8) 
21 (23) 


stable angina pectoris, all of whom had undergone coro- 
nary artery bypass grafting within 7 days of dying.’ Pre- 
operatively, all had normal left ventricular function and 
none had had a clinically apparent acute MI or congestive 
heart failure at any time. The average number of major 
coronary arteries severely narrowed by plaque was 3.2, 
and 10 of the 22 patients had severe narrowing of the left 
main coronary artery as well as the other 3 major coro- 
nary arteries (4-vessel disease). (Bulkley and I° found 
that severe narrowing of the left main coronary artery is 
usually an indicator that the other 3 major arteries also 
are severely narrowed.) The unstable angina group thus 
had the largest average number of severely narrowed 
major coronary arteries of any of the subgroups, but 
nevertheless had excellent left ventricular function. 


AMOUNTS OF NARROWING IN SEGMENTS OF 
THE MAJOR CORONARY ARTERIES 

Although the classifications of 1-, 2-, 3- and 4-vessel 
disease have been useful clinically, this type of analysis of 
severity might be thought of as a qualitative approach. 
Differences in degrees of coronary narrowing in various 
subsets of patients with CAD cannot usually be discerned 
by this approach. To obtain a better appreciation of the 
extent of the atherosclerotic process in patients with fatal 
CAD, my colleagues and I began examining 5-mm-long 
segments of each of the 4 major coronary arteries several 
years ago. In adults, the average length of the right coro- 
nary artery is 10 cm; the left main, 1 cm; the left anterior 
descending, 10 cm; and the left circumflex, 6 cm. Thus, 
27 cm of major epicardial coronary artery are available 
for examination in each adult. Because each 1 cm is 
divided into 2 segments, each measuring 5 mm in length, 
an average of 54 such segments are available for exami- 
nation in each heart. This approach allows one to ask not 
only how many of the 5-mm segments are narrowed 76 to 
100% in cross-sectional area, but also how many are 
narrowed 51 to 75%, 26 to 50%, or 0 to 25%. This might 
be considered a quantitative approach. 

The same patients previously described by the qualita- 
tive approach also were examined at necropsy by the 
quantitative approach; the findings are summarized in 
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TABLE I Amounts of Cross-Sectional Area Narrowing of Each 5-mm Segment of the Four Major (Right, Left Main, Left Anterior 
Descending and Left Circumflex) Epicardial Coronary Arteries by Atherosclerotic Plaques in Subjects with Fatal Coronary Artery 


Disease 


Mean No. 
Age 5-mm 


Subgroup (yrs) Segments 


Sudden coronary death 
Acute myocardial infarction 
Healed myocardial infarction 

Asymptomatic 

Chronic CHF 

without aneurysm 

LV aneurysm 

Angina pectoris 


Total 
Controls 


CHF = congestive heart failure; LV = left ventricular. 
Reproduced with permission from Am J Cardiol.! 


Table II. A total of 6,461 segments (each 5 mm in length) 
were sectioned and later examined histologically. The 
sections were stained by the Movat method to delineate 
the internal elastic membrane. The findings in the 129 
patients with CAD were compared with those in 40 con- 
trol subjects, from whom 1,849 segments were obtained. 
In each coronary subgroup, the 5-mm segments from 
each of the 4 major coronary arteries were pooled togeth- 
er. With this approach, the amount of narrowing in an 
individual patient was not discernible. Among the CAD 
patients, 35% of segments were narrowed 76 to 100% in 
cross-sectional area by atherosclerotic plaque; in contrast, 
only 3% were narrowed in controls. The segments nar- 
rowed 51 to 75% totaled 36 and 22%, respectively. Thus, 
71% of the segments in the CAD patients, and 25% in 
controls, were narrowed >50% in cross-sectional area by 
atherosclerotic plaque. In contrast, only 29% of the seg- 
ments in the CAD patients were narrowed <50% and 
only 8% even approached normal (i.e., narrowed <25% in 
cross-sectional area). In contrast, 75% of the segments in 
the control subjects were narrowed <50% and 31% of 
them were normal or nearly normal. Thus, in the CAD 
patients, 92% of the 6,461 segments of the 4 major epicar- 
dial coronary arteries were narrowed >25% in cross-sec- 
tional area by atherosclerotic plaque. Accordingly, the 
coronary atherosclerotic process is diffuse, rather than 
focal, in patients with fatal CAD. 

Among the various subsets of CAD patients, those 
with sudden coronary death? and acute MIP had similar 
percentages of 5-mm segments narrowed 76 to 100% in 
cross-sectional area by plaque (36 and 34%, respectively); 
patients with healed MI*° as a group had the least severe 
narrowing (31% of segments narrowed >75%), and those 
with unstable angina pectoris’ had the most severe nar- 
rowing (48% of segments narrowed >75% by plaque). 

In an effort to arrive at a single number for the 
amount of coronary arterial narrowing in each patient, a 
score system was utilized for each 5-mm segment. Nar- 
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Mean % 
Narrowing / 
5-mm 
Segments 


Percent Segments Narrowed 
Mean 


26-50% 51-75% 76-100% Score 


rowing of 0 to 25% was assigned a score of 1; 26 to 50%, 2; 
51 to 75%, 3; and 76 to 100%, 4. The mean score for all 
129 patients (or for the 6,461 coronary segments) was 
3.0, and that for the 40 control subjects (or 1,849 seg- 
ments) was 2.0. Using this scoring system, patients with 
unstable angina again had the most extensive coronary 
narrowing. 

A possible criticism of the analysis of 5-mm segments 
to quantify coronary arterial narrowing is that the epicar- 
dial coronary arteries were fixed in an unphysiologic pres- 
sure state—namely, a zero-pressure state—rather than 
at a systemic arterial diastolic pressure. The degrees of 
narrowing were conservatively judged to take into ac- 
count the unphysiologic fixed state. For example, if a 
segment was between 2 quadrants (51 to 75% and 76 to 
100%), the lesser degree of narrowing was always chosen. 
Second, for any segment in which a portion of wall was 
collapsed by the fixation process, the degree of narrowing 
was determined as if the segment was expanded. Most 
important, the segments narrowed the most (>75% in 
cross-sectional area) were affected the least by the fixa- 
tion process. Whether the histologic technique in this 
study is perfect or flawed, the same technique was in all 
subsets of coronary patients and all controls. The compar- 
ison data are, therefore, highly reliable. Also, regardless 
of whether the degrees of luminal narrowing are slightly 
greater or less than those determined by this technique, it 
is clear that the atherosclerotic process is a diffuse one in 
nearly all patients with fatal CAD. The accuracy of the 
technique of determining degrees of cross-sectional area 
narrowing by estimating from stained histologic sections 
magnified approximately 40 times is similar (<5%) to 
that determined by planimetry.’ 

Another possible concern of the aforementioned 
quantitative data is its applicability to living patients with 
symptomatic or other clinical evidence (e.g., positive ex- 
ercise test results) of myocardial ischemia. I believe that 
the major difference in coronary arterial narrowing oc- 





curs at the stage of conversion from the asymptomatic to 
the symptomatic myocardial ischemia state, and that 
there is relatively little difference in degrees of coronary 
narrowing between the symptomatic and the fatal states. 
Assessment of the presence of severe, extensive coronary 
narrowing on angiography during life, as well as by study 
of the coronary tree at necropsy in patients who had 
coronary events and later died from noncardiac causes, 
supports this view. Although only minimal data are avail- 
able from the latter group, the degrees of coronary nar- 
rowing at necropsy are similar to those in other patients 
with symptomatic myocardial ischemia that proves fa- 
tal.* Also, of the subsets of CAD patients described, those 
with unstable angina pectoris had significantly greater 
degrees of coronary narrowing. Furthermore, these pa- 
tients were the only subjects in whom the natural course 
was interrupted by an iatrogenic event, i.e., coronary ar- 
tery bypass grafting within 7 days of death. 


DISTRIBUTION OF SEVERE NARROWING 
IN THE THREE LONGEST EPICARDIAL 
CORONARY ARTERIES 

In all the quantitative studies described herein, the 
amount of cross-sectional area luminal narrowing by ath- 
erosclerotic plaque in the right, left anterior descending 
and left circumflex coronary arteries was similar if the 5- 
mm segments in each of the 3 longest arteries were pooled 
together from a number of patients. Examination of a 
single subset of patients with fatal CAD may help to 
better understand this concept. Among the 27 patients 
with fatal transmural acute MI, a total of 1,358 segments 
were analyzed from the right, left anterior descending 
and left circumflex coronary arteries. The percentages of 
segments narrowed 0 to 25%, 26 to 50%, 51 to 75% and 76 
to 100% were similar in each of these 4 categories in each 
of the 3 major epicardial coronary arteries. Analysis of 
the patients with sudden coronary death, healed MI and 
unstable angina pectoris yielded the same results. 

In an individual patient, however, the percentage of 5- 
mm segments severely narrowed (>75% in cross-section- 
al area) by atherosclerotic plaque in 1 major epicardial 
coronary artery may be greater or less than that in anoth- 
er major coronary artery. Nonetheless, if the segments 
from 1 coronary artery (e.g., right) were pooled together 
from several patients with fatal CAD and compared with 
segments from another coronary artery (e.g., left anterior 
descending) pooled from several patients with fatal CAD, 
the percentages of segments narrowed in each of the 4 
categories of cross-sectional area narrowing in each ar- 
tery would be similar. The definition of “several” has not 
yet been established, but, with infrequent exceptions, this 
principle may apply to as few as 3 patients with pooled 5- 
mm segments from each of the 3 major coronary arteries. 
Thus, the quantity of atherosclerotic plaque is similar for 
similar lengths of the right, left anterior descending and 
left circumflex coronary arteries. Furthermore, because 
the amount of atherosclerotic plaque is similar, the 
amount of resulting luminal narrowing also is similar. 
The cholesterol thesis might not be tenable if the amount 
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FIGURE 1. Representation of an angiographic view of 2 coro- 
nary arteries with luminal plaque. Because the angiogram is a 
luminogram, and the width of the original arterial lumen is un- 
known, the least narrowed segment is often presumed to be 
normal. Comparison of a narrowed segment to a near-normal 
segment (upper panel) provides an accurate measurement of 
the degree of narrowing, but normal or near-normal segments 
are infrequent in patients with symptomatic myocardial isch- 
emia. More frequently, severely narrowed segments are sim- 
ply compared with less severely narrowed segments, but none 
of the segments approach normal (lower panel). (Reproduced 
with permission from Am Heart J.13) 





of atherosclerotic plaque were highly different in the dif- 
ferent major epicardial coronary arteries, because the 
same serum cholesterol level presumably is present in 
each major coronary artery. 


CLINICAL USEFULNESS OF THE 
QUANTITATIVE APPROACH 

The quantitative information derived at necropsy on 
the severity and extent of atherosclerosis in the 4 major 
epicardial coronary arteries in fatal CAD has possible 
clinical applications in (1) interpreting degrees of coro- 
nary narrowing by angiography during life and (2) decid- 
ing which of the major coronary arteries requires a con- 
duit at the time of coronary artery bypass grafting. 

Without coronary angiography, neither coronary by- 
pass nor angioplasty would be performed. The only way 
to obtain information on the status of the epicardial coro- 
nary arteries during life is with angiography; consequent- 
ly, this procedure revolutionized the diagnosis of CAD, 
just as aortocoronary bypass grafting revolutionized the 
therapy of CAD. However, despite the advantages of 
angiography, this technique has certain failings. For one, 
the angiogram is a luminogram, which compares a nar- 
rowed segment with a less narrowed segment that is as- 
sumed to be normal. The angiogram does not delineate 
the internal elastic membrane of the artery, and, there- 
fore, the artery’s true lumen remains uncertain. 

The quantitative studies of fatal CAD mentioned 
herein demonstrated that 93% of the 5-mm long segments 
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of the 4 major epicardial coronary arteries were narrowed 
>25% in cross-sectional area by atherosclerotic plaque. 
Thus, only 7% of the 5-mm segments even approached 
normal, and virtually none were normal. In fatal CAD, 
and probably also in live patients with symptomatic myo- 
cardial ischemia, therefore, only rarely can a coronary 
artery segment that is severely narrowed on angiography 
be compared with a segment of coronary artery that is 
normal. In other words, in patients with symptomatic 
myocardial ischemia, the coronary angiogram measures 
degrees of narrowing by comparing severely narrowed 
segments with segments that are simply less narrowed 
and by no means normal (Fig. 1). Thus, coronary angio- 
grams in patients with symptomatic myocardial ischemia 
usually underestimate the degrees of luminal narrow- 
ing. !01! 

The unit of measurement for degrees of narrowing on 
angiography is different from the unit of measurement at 
necropsy. In the aforementioned anatomic quantitative 
studies, the unit was cross-sectional area narrowing, 
whereas the unit used in angiography is diameter narrow- 
ing. In general, a 75% cross-sectional area narrowing is 
equivalent to a 50% diameter reduction, and, therefore, a 
50% or more diameter reduction during life has generally 
been considered the cut-off point between clinically sig- 
nificant and clinically insignificant coronary narrowing. 

The second potential clinical application of the infor- 
mation gleaned from the quantitative CAD studies at 
necropsy is the recognition that the atherosclerotic pro- 
cess in patients with symptomatic myocardial ischemia is 
usually diffuse and severe, and, therefore, more rather 
than fewer aortocoronary conduits provide a higher fre- 
quency of relief or improvement in symptoms of myocar- 
dial ischemia, improvement in results of exercise testing, 
and prolonged life. Among patients surviving <30 days or 
at later periods after aortocoronary bypass operations, 
the amount of severe narrowing in the nonbypassed na- 
tive coronary arteries is usually similar to that in the 
bypassed native coronary arteries.'* Waller and I' found 
from study at necropsy of 102 patients dying either early 
(<60 days) or late (2.5 to 108 months, mean 35) after 
bypass operations that the bypassed and nonbypassed 
native coronary arteries had similar degrees of severe 
luminal narrowing by atherosclerotic plaques. In 213 of 
226 bypassed native arteries (94%) and in 73 of 80 nonby- 
passed native arteries (91%), the lumens were narrowed 
>75% in cross-sectional area by atherosclerotic plaque. 
Bypass of the native arteries was not avoided because 
they were too small or severely narrowed distally, but, 
rather, because the lumens were judged to be insufficient- 
ly narrowed (on angiography) to warrant insertion of a 
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conduit. Thus, if 2 of the major coronary arteries are 
found to be severely narrowed on angiography and the 
third major artery is “insignificantly” narrowed, and if 
bypass is to be performed, an argument could be made for 
insertion of a conduit in all 3 major coronary arteries. Of 
course, insertion of a conduit in an insignificantly nar- 
rowed artery is potentially dangerous. Nevertheless, it 
may be more prudent to have too many conduits rather 
than too few. Three-vessel disease is far more frequent 
than is 2-vessel disease at necropsy, and even when only 2 
of the 3 major arteries are narrowed >75% in cross- 
sectional area, the third is usually narrowed 51 to 75%. 
Thus, an appreciation of the diffuse nature of coronary 
atherosclerosis in fatal CAD, and probably also in symp- 
tomatic myocardial ischemia, encourages the use of 
more, rather than fewer, conduits in coronary bypass 
operations. 
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At What Levels of Total Low- or High-Density 
Lipoprotein Cholesterol Should Diet/Drug 
Therapy Be Initiated? United States Guidelines 


John C. LaRosa, MD 


Guidelines for the detection, evaluation and treat- 


ment of hypercholesterolemia in adults have been 
established in the United States. These guidelines 
recommend that total cholesterol levels be used for 
screening purposes. Total cholesterol levels >240 
mg/dl are considered “‘high,”’ those from 200 to 
239 mg/dl “‘borderline,’”’ and those <200 mg/dl 
“normal,” regardless of the person’s age or gen- 
der. All persons in the high category, as well as 
those in the borderline category who have other 
risk factors or established vascular disease, require 
measurements of low-density lipoprotein (LDL) 
cholesterol levels. LDL cholesterol levels are used 
to guide the selection of treatment. Patients with 
LDL cholesterol levels >130 mg/dl are candidates 
for active diet therapy. Those whose LDL choles- 
terol levels are 160 to 190 mg/dl after 3 to 6 
months of diet therapy are candidates for drug 
therapy. A high-density lipoprotein (HDL) level <35 
mg/dl is considered a risk factor and may influence 
the level of LDL at which drug therapy is initiated. 
Some observers have expressed concern that these 
guidelines overemphasize LDL cholesterol at the 
expense of total cholesterol, HDL cholesterol and 
triglyceride levels. Nevertheless, the guidelines 
have been broadly accepted and currently serve as 
the basis for a widespread public-health education 
program. 

(Am J Cardiol 1990;65:7F-—10F) 
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and coronary atherogenesis has been recognized 
for some time, but has also generated consider- 
ablecontroversy. The current focus on this issuestems from 
the fact that, in the opinion of many observers, the evi- 
dence causally linking circulating cholesterol levels and 
coronary artery disease has now become overwhelming. 
Most recently, the wealth of animal, epidemiologic 
and genetic data has been extended by strong indications 
that altering circulating cholesterol fractions (in particu- 
lar, lowering levels of low-density lipoprotein [LDL] cho- 
lesterol) can arrest, prevent and even reverse the progres- 
sion of coronary atherosclerosis.'~+ To address the impor- 
tant public health issues raised by this evidence, the 
National Heart, Lung, and Blood Institute organized the 
National Cholesterol Education Program in 1987. Co- 
sponsors of this effort include most of the major health 
organizations, representing both providers and consum- 
ers interested in heart disease prevention and treatment.’ 
The first of several panels to address major facets of 
the cholesterol issue was the Expert Panel on the Detec- 
tion, Evaluation and Treatment of High Blood Cholester- 
ol in Adults (referred to as the Adult Treatment Panel). 
This group was empaneled in the autumn of 1987 and 
made its final report the following year. The report may 
be read in its entirety elsewhere.’ This presentation brief- 
ly reviews the Adult Treatment Panel recommendations, 
discusses some of the controversies generated by the 
guidelines, and speculates on the implications for medical 
practice. 


Ts relation between circulating cholesterol levels 


RECOMMENDATIONS FOR SCREENING 

The Adult Treatment Panel report recommended that 
all persons older than age 20 years know their total cho- 
lesterol levels. The report fell short of a blanket endorse- 
ment of widespread public screening, because the com- 
mittee believed that neither the necessary technology nor 
experience in the public health and medical communities 
was, as yet, in place. Rather, the report emphasized mea- 
surement of total circulating cholesterol, without regard 
to fasting status, in the course of any appropriate medical 
encounter. 

According to the approach suggested in the report, 
persons with total cholesterol levels <200 mg/dl are to be 
termed “normal” and require nothing more than encour- 
agement to follow the same relatively low cholesterol, low 
saturated fat diet recommended for all Americans (Table 
I).° In addition, they should be advised to have their total 
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TABLE I Initial Classification and Recommended Follow-Up 
Based on Total Cholesterol 


Classification 
<200 mg/dl 
200-239 mg/dl 


Desirable blood cholesterol 
Borderline-high blood 
cholesterol 


= 240 mg/dl High blood cholesterol 


Recommended follow-up 
Total cholesterol <200 mg/dl 
Total cholesterol 200-239 


mg/dl 
Without definite CAD or 2 
other CAD risk factors (1 of 
which can be male sex) 
With definite CAD or 2 other 
CAD risk factors (1 of which 
can be male sex) 
Total cholesterol 2240 mg/dl 


CAD = coronary artery disease. 7 
Adapted with permission from Arch Intern Med.” 


cholesterol measured again in 5 years. This latter recom- 
mendation assumes, of course, that no medical indication 
for an early repeat measurement has intervened. 

Persons with total cholesterol levels >240 mg/dl, 
however, are unequivocally considered to have high blood 
cholesterol. Currently, 25% of adult Americans qualify 
for this category. Persons who have high total cholesterol 
must, at least temporarily, be regarded as patients requir- 
ing further evaluation. Such evaluation consists of first 
measuring fasting triglyceride and high-density lipopro- 
tein (HDL) cholesterol levels, as well as repeating the 
measurement of total cholesterol. These values, in turn, 
can be used to estimate LDL cholesterol, according to the 
following formula®: LDL cholesterol = total cholesterol 
— (HDL cholesterol + triglycerides/5). As long as the 
fasting triglyceride levels are <400 mg/dl, this formula is 
valid and, in fact, may be so even up to triglyceride levels 
of 800 mg/dl. 

Persons in the “borderline-high” category (total cho- 
lesterol levels of 200 to 239 mg/dl) should, at a minimum, 
be instructed to follow a diet low in cholesterol and satu- 
rated fat and be rechecked annually. The panel recom- 
mended that only those with established atherosclerotic 
vascular disease or 2 or more other coronary risk factors 
(one of which is male gender [Table II]) require further 


Repeat within 5 years 


Dietary information and recheck 
annually 


Lipoprotein analysis; further 
action based on LDL- 
cholesterol level 


TABLE Il Coronary Artery Disease Risk Factors 


Male sex 

Family history of premature coronary artery disease (definite 
myocardial infarction or sudden death before age 55 in a parent 
or sibling) 

Cigarette smoking (currently smokes more than 10 cigarettes per 
day) 

Hypertension 

Low concentration of HDL cholesterol (below 35 mg/dl, confirmed 
by repeat measurement) 

Diabetes mellitus 

History of definite cerebrovascular or occlusive peripheral vascular 
disease 

Severe obesity (230% overweight) 


Adapted with permission from Arch Intern Med.’ 
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TABLE Ill Classification of Low-Density Lipoprotein 
Cholesterol Levels 


<130 mg/dl 
130-159 mg/dl 


Desirable low-density lipoprotein cholesterol 
Borderline-high-risk low-density lipoprotein 
cholesterol 


=160 mg/dl High-risk low-density lipoprotein cholesterol 


Adapted with permission from Arch Intern Med.’ 


TABLE IV Secondary Causes of High-Risk Low-Density 
Lipoprotein Cholesterol 

Hypothyroidism 

Nephrotic syndrome 

Diabetes mellitus 


Obstructive liver disease 
Drugs, particularly progestins and anabolic steroids 


Adapted with permission from Arch Intern Med.’ 


lipoprotein analyses. Nonetheless, the report left ample 
room for physician discretion in determining the extent of 
the work-up on a patient in the borderline category. 


PATIENT SELECTION AND TREATMENT 
OF HYPERCHOLESTEROLEMIA 

Once a lipoprotein analysis has been obtained, the 
LDL cholesterol level becomes the focus of interest. Lev- 
els of LDL cholesterol should be confirmed by 2 determi- 
nations separated by 1 to 8 weeks. Levels >160 mg/dl are 
considered high, those <130 mg/dl are normal, and those 
between 130 and 159 mg/dl are borderline (Table III). 
Patients who have high LDL cholesterol should undergo 
more intensive evaluation to establish, where possible, a 
genetic cause for the cholesterol elevation and to rule out 
other diseases that may be secondary causes of hypercho- 
lesterolemia (Table IV). 

According to the guidelines, patients with LDL levels 
in the high range, as well as those with levels in the 
borderline range who also have established vascular dis- 
ease or 2 other risk factors, are candidates for more inten- 
sive dietary therapy. Although the first phase of the diet is 
the same as that recommended for persons in the normal 
category, instruction and monitoring are applied more 
vigorously. Failure to lower LDL cholesterol to levels 
<160 mg/dl may lead to a more restricted dietary pro- 
gram (cholesterol intake <200 mg/day and saturated fat 
intake <7% of calories; Table V).’ 

Patients who cannot reduce LDL cholesterol levels to 
at least 190 mg/dl and who have no other risk factors, as 
well as those with established vascular disease or 2 risk 
factors and LDL levels >160 mg/dl, are candidates for 
drug therapy (Table VI). These thresholds for drug ther- 
apy were purposely set higher than those for diet therapy 
to avoid overprescription of drugs. Again, depending on 
the age and physical condition of the patient and the 
particular drug selected, considerable room has been left 
for physician discretion in the choice of treatment. 

As a general statement, the committee ranked as first- 
choice drugs only those agents shown to lower not only 
LDL cholesterol, but also coronary artery disease risk. At 





TABLE V Diet Recommended by National Cholesterol Education Program /American Heart Association* 


Estimated Current 
U.S. Adult Diet 

(% of Daily 
Calories) 


Total fat 35—40 
Saturated fat 15 
Polyunsaturated fat 7 
Monounsaturated fat 16 
Carbohydrate 40 

Protein 40 
Cholesterol 500 mg/day 


<30% 
<10% 
10% 
10% 


50—60% 
10-20% 
<300 mg/day 


Lipoprotein Effects 


a 


<30% 
<7% 
10% 
10% 
50-60% 
10-20% 
<200 mg/day 


Decrease 
Decrease 
Decrease 
Decrease 
No change 
No change 
Decrease 


No change 
No change 
Decrease 

No change 
? Decrease 
No change 
? Decrease 


* Current United States intake is contrasted with composition of recommended diets. Recommended diets are prescribed in 2 stages, with the second stage including 


further limitations in saturated fat and cholesterol intake. 
HDL = high-density lipoprotein; LDL = low-density lipoprotein. 
Adapted with permission from DAMON CLINICAL LABORATORIES.’ 


the time of the report, only cholestyramine, colestipol and 
niacin qualified for this category. After the report was 
released, gemfibrozil was found to reduce the incidence of 
cardiovascular disease in the Helsinki Heart Study.’ 
Consequently, many observers now believe that gemfi- 
brozil should also be considered a first-choice agent, even 
though its ability to lower LDL is more limited and more 
erratic than that of the other first-line drugs. 


TABLE VI Recommended Lipid-Lowering Drugs 


% LDL 
Cholesterol 
Lowering 


Other 
Lipoprotein 
Effects 


Reduces 
CAD Risk 


Raises VLDL and 
triglycerides in 
some patients 


Bile acid sequestrants 
(cholestyramine, 
colestipol) 


Raises HDL: lowers 
TG 


Nicotinic acid 


Gemfibrozil Lowers TG: may 
raise HDL or LDL, 
or both, when TG 


decrease 


Lovastatin 


Probucol May lower HDL 


Not proved 


Not proved 


RESPONSE TO THE GUIDELINES 

Editorial commentary and physician and public inter- 
est suggest that these guidelines have had a major impact 
and, in general, have gained widespread acceptance, al- 
though such responses are difficult to quantify. At the 
very least, the recommendations have defined the mini- 
mum steps physicians should be expected to take in man- 
aging patients with hypercholesterolemia. 


Adverse Effects Special Issues 


Nausea, bloating, 
constipation, 
decreased 
absorption of other 
drugs 


Provided as a bulky 
powder: adherence 
requires careful 
patient instruction 


4—24 g/day 
(cholestyramine), 
5-30 g/day 
(colestipol); given 
2-3 times per day 


Flushing, 
hyperuricemia, 
hyperglycemia, 
elevated LFTs, 
acanthosis nigricans 


May be obtained as 
niacin without 
prescription; therapy 
requires physician 
supervision 


Usually up to 30 g/ 
day given 2-3 
times per day 


Unclear; probably 
similar to clofibrate, 
i.e., abnormal LFTs, 
myositis (rare) 


600 mg (2 300-mg 
capsules) given 2 
times per day 


Liver function 
abnormalities, 
myositis, 
(particularly when 
given with 
cyclosporine), (?) 
cataract (in animals 
only) 


Monitor SGOT q 6-8 
weeks; annual slit- 
lamp ocular exam 


10-80 mg/day 


Contraindicated if HDL 
35 mg/dl; consider 
stopping if ratio of 
total cholesterol to 
HDL rises during 
therapy 


Prolongs QT interval; 
do not use if QT is 
prolonged or if there 
is ventricular 
irritability 


10 g given 2 times 
per day 


CAD = coronary artery disease; HDL = high-density lipoprotein; LDL = low-density lipoprotein; LFTs = liver function tests; SGOT = serum glutamic oxaloacetic transaminase; TG = 


triglycerides; VLDL = very low density lipoprotein. 
Adapted with permission from DAMON CLINICAL LABORATORIES.” 
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Inevitably, the guidelines have engendered some criti- 
cism and concern. The element of the guidelines that has 
generated perhaps more comment than any other is the 
emphasis on LDL cholesterol as the primary target of 
treatment and the lack of emphasis on total cholesterol, 
triglycerides and HDL cholesterol. 

In its deliberations, the Adult Treatment Panel vigor- 
ously debated whether to use total cholesterol or LDL 
cholesterol as the primary target for intervention. Those 
supporting total cholesterol argued that it can be mea- 
sured easily and is more familiar to practicing physicians. 
Those supporting the use of LDL cholesterol argued that 
it more precisely reflects risk and, because HDL choles- 
terol is necessary for its calculation, indirectly takes levels 
of the latter lipoprotein into account in determining the 
extent of therapeutic intervention needed. The panel ulti- 
mately agreed to use LDL as a focus for selecting thera- 
py, but suggested that total cholesterol can be used as a 
“surrogate” measurement for following the response of 
LDL cholesterol once therapy has been firmly estab- 
lished.° 

Since the report dealt with the management of high 
cholesterol, the panel did not break new ground in recom- 
mendations concerning high triglyceride levels. The re- 
port did, however, generally, endorse the recommenda- 
tions of the National Institutes of Health Consensus Pan- 
el on Hypertriglyceridemia, which define triglyceride 
levels <250 mg/dl as normal, those between 250 and 499 
mg/dl as borderline, and those >500 mg/dl as high.5 
However, the Adult Treatment Panel strongly suggested 
avoiding drug therapy for hypertriglyceridemia in the 
absence of a concomitantly high level of LDL, except in 
patients who have triglyceride levels >1,000 mg/dl and 
who are, as a result, at risk of developing pancreatitis. 

The report has been perhaps most vigorously criti- 
cized for its failure to recommend universal screening of 
HDL levels. These criticisms have been based on several 
concerns, including the following: 

l. A small portion of persons with total cholesterol 
levels <200 mg/dl will have HDL cholesterol levels <35 
mg/dl and will, therefore, be at risk for coronary disease 
even though their total cholesterol levels are normal.? 

2. The panel was inconsistent in considering HDL 
levels <35 mg/dl as a separate risk factor when levels of 
this lipoprotein were not to be determined for all persons. 

3. As many as 70% of persons with total cholesterol 
levels <200 mg/dl who also have coronary disease may 
have HDL levels <40 mg/dl.!° 

4. HDL levels are excellent predictors of the risk of 
coronary disease. 

5. The Helsinki Heart Study‘ found that the increase 
in HDL obtained with gemfibrozil lowered coronary ar- 
tery disease risk independent of any lowering of LDL. 

These commentaries stimulated a response from the 
members of the panel reaffirming the report’s approach 
to HDL.!! The panel’s justification for its approach in- 


10F THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


cluded (1) the relatively small increase in risk in the lower 
cholesterol ranges, (2) the lack of widespread clinical trial 
evidence of the benefit of drug-induced isolated increases 
in HDL, and (3) the expense of obtaining routine deter- 
minations of HDL for all persons screened. 


IMPLICATIONS FOR CLINICAL PRACTICE 

Beyond the changes in cholesterol intervention hoped 
to be generated by these guidelines, the recommendations 
are likely to have other important effects. An increase in 
public awareness is almost inevitable and, in fact, is al- 
ready becoming evident. This response, in turn, will lead 
to increased public expectations for cholesterol-related 
services. Depending on the rate of growth and demand, 
available resources may be strained. Because the guide- 
lines lean so heavily on dietary intervention, dietary coun- 
seling services from physicians, registered dietitians and 
others are likely to increase substantially. Greater physi- 
cian proficiency in the use of lipid-lowering drugs will be 
required as well. Because other risk factor interventions 
may also frequently be necessary, greater general profi- 
ciency in preventive medicine skills will be needed. Physi- 
cians and patients alike will expect lipid and lipoprotein 
determinations to be more accurate, more precise and less 
expensive. 

In the long-term, of course, whatever temporary dislo- 
cations these guidelines engender should and will be cor- 
rected. Moreover, the widespread application of the 
guidelines promises to lead to a substantial reduction in 
the incidence of coronary atherosclerosis among the pop- 
ulation in the United States. 
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At What Levels of Total Low- or High-Density 
Lipoprotein Cholesterol Should Diet/Drug 
Therapy be Initiated? European Guidelines 


Gerd Assmann, MD 


The control of coronary artery disease depends pri- 


marily on its prevention at an early stage. Re- 
searchers generally agree that early prevention de- 
pends on the elimination or treatment of known risk 
factors, among which hyperlipidemia occupies a 
central position. Two European Consensus Confer- 
ences have concluded that therapy of hyperlipide- 
mia should always start with dietary counseling. 
First, subjects with body mass indexes (weight/ 
height?) >27 should lose weight. Second, the lipid- 
lowering diet should provide 55% of calories from 
carbohydrates; 10 to 15% from protein; and up to 
30% from fat comprising 10% each of saturated, 
monounsaturated and polyunsaturated fatty acids; 
<300 mg/day cholesterol; 35 g/day of fiber derived 
largely from legumes and other vegetables; and 
fruit. Further reduction of fat consumption (to 20 to 
25% of total energy) and of cholesterol (to <150 
mg/day) may be attempted when patients respond 
inadequately to the standard diet. The goal of treat- 
ment is to minimize the risk of coronary artery dis- 
ease and of pancreatitis. Where possible, a low- 
density lipoprotein cholesterol level of 135 mg/dl 
(3.5 mmol/liter) should be the goal in hypercholes- 
terolemic patients with multiple or severe risk fac- 
tors and a level of 155 mg/dl (4 mmol/liter) in the 
absence of other risk factors. Also, high-density li- 
poprotein cholesterol >35 mg/dl and triglycerides 
<200 mg/dl are considered important goals of 
treatment. Some patients with hyperlipidemia do 
not respond adequately to diet and correction of 
underlying causes; drug treatment should then be 
instituted, but careful attention to diet should be 
continued. 

(Am J Cardiol 1990;65:11F-15F) 
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tries convened to discuss the primary prevention of 

coronary artery disease (CAD) and therecognitionand 
treatment of hyperlipidemia in adults.' These 2 consen- 
sus conferences adopted general principles for the preven- 
tion of CAD that are similar to those adopted by the U.S. 
National Institutes of Health Consensus Development 
Conference.*+ The European guidelines differ in some 
respects from the United States guidelines, however, and 
these distinctions are discussed. 


f: 1986 and 1987, scientists from 20 European coun- 


CLASSIFICATION OF HYPERLIPIDEMIA 

The European Consensus Conferences developed 
guidelines for risk assessment of CAD, as well as treat- 
ment regimens for each of 5 groups of hyperlipidemic 
patients (Tables I and II). The therapeutic goals identi- 
fied for patients with hyperlipidemia depend to some 
extent on the presence or absence of other risk factors 
(Table II); plasma cholesterol and low-density lipopro- 
tein (LDL) cholesterol target levels may be lower in per- 
sons with associated risk factors (Table IV). 

Group A—mild hypercholesterolemia: Under the 
European guidelines, patients with cholesterol levels of 
200 to 250 mg/dl and normal triglyceride levels (<200 
mg/dl) are defined as having mild hypercholesterolemia. 
In the management of group A patients, as well as other 
hyperlipidemic patients, knowledge of cholesterol level 
alone is insufficient for the assessment of risk of myocar- 
dial infarction. Such an assessment must take into ac- 
count other risk factors, including a family history of 
CAD, hypertension, diabetes, male gender, younger age, 
smoking, and low (<35 mg/dl) plasma levels of high- 
density lipoprotein (HDL) (Table II). 

In general, the risk of CAD associated with mild hy- 
percholesterolemia may be reduced by restriction of di- 
etary cholesterol, nutritional counseling, weight loss and 
physical exercise, and reduction of other risk factors, if 
present. Drug treatment is rarely indicated for group A 
patients, unless they are at extremely high risk for CAD, 
as assessed by the presence and severity of other risk 
factors. 

When lipid-lowering agents are indicated, a bile acid 
sequestrant may be prescribed in low doses. Alternative- 
ly, nicotinic acid, a fibrate derivative, or an hydroxymeth- 
ylglutaryl coenzyme A reductase inhibitor may be given 
(Table V). The choice of drug will be influenced by vari- 
ables such as patient age, level of HDL cholesterol, fibrin- 
ogen concentration, glucose tolerance and uric acid con- 
centration. 
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A SYMPOSIUM: EVOLVING ISSUES IN THE TREATMENT OF HYPERCHOLESTEROLEMIA 


TABLE I European Consensus Data—Classification of 
Hyperlipidemia 


Cholesterol 
Level (mg/dl) 


Triglyceride 
Level (mg/dl) 


<200 (normal) 

<200 (normal) 

200-500 

200-500 
and/or >500 


Adapted with permission from Eur Heart J.!-2 


Group B—severe hypercholesterolemia: Patients 
with plasma cholesterol levels of 250 to 300 mg/dl and 
normal triglyceride levels (<200 mg/dl) are defined as 
having severe hypercholesterolemia. The cholesterol val- 
ue alone does not precisely indicate which patients are at 
increased risk for CAD. In fact, many patients in group B 
(particularly premenopausal women and subjects with 
high levels of HDL cholesterol) do not necessarily have 
an increased risk of CAD. 

Severe hypercholesterolemia due to elevation in LDL 
cholesterol (>155 mg/dl) should first be treated by re- 


striction of dietary cholesterol plus a calorie-reduced diet 
for weight loss, if necessary. If the cholesterol level re- 
mains high after dietary modifications and weight loss, 
prescription of a lipid-lowering drug, particularly one 
that reduces LDL cholesterol, should be considered. 

Group C— isolated hypertriglyceridemia: Patients 
with plasma cholesterol levels <200 mg/dl and triglycer- 
ide levels of 200 to 500 mg/dl are defined as having 
isolated hypertriglyceridemia. Underlying causes, such as 
obesity, excessive alcohol intake, diabetes, or a combina- 
tion of these factors, should be identified. Correction of 
underlying causes often reduces the triglyceride level to a 
normal value. 

A low-calorie diet should be prescribed if the person is 
overweight, because obesity leads to increased synthesis 
of very low density lipoproteins, thereby contributing to 
hypertriglyceridemia. A lipid-lowering diet should also be 
prescribed, and cholesterol and triglyceride levels should 
be monitored. 

Drug treatment for group C patients is controversial. 
If a drug is prescribed, nicotinic acid or a fibrate deriva- 
tive should be selected. 

Group D—mixed hyperlipidemia: Patients with cho- 
lesterol levels of 200 to 300 mg/dl and triglyceride levels 


TABLE Il European Guidelines for Management of Hyperlipidemia 


Group 


CAD = coronary artery disease; HDL = high-de 
Adapted with the permission from Eur Heart J.! 


Diagnostic Levels 


Cholesterol 200-250 mg/dl (5.2-6.5 
mmol/liter); triglyceride <200 mg/dl 
(<2.3 mmol /liter) 


Cholesterol 250-300 mg/dl (6.5-7.8 
mmol/liter); triglyceride <200 mg/dl 
(<2.3 mmol/liter) 


Cholesterol <200 mg/dl (5.2 mmol /li- 
ter); triglyceride 200-500 mg/dl (2.3- 
5.6 mmol /liter) 


Cholesterol 200-300 mg/dl (5.2-7.8 
mmol/liter); triglyceride 200-500 
mg/dl (2.3-5.6 mmol/liter) 


Cholesterol >300 mg/dl (7.8 mmol /li- 
ter~!) and/or triglyceride >500 mg/dl 
(>5.6 mmol /liter) 


Investigation 


Assess overall risk of CAD, taking into ac- 
count family history of CAD, hyperten- 
sion, diabetes, male gender, younger 
age, smoking, low HDL cholesterol 
(>35 mg/dl [<0.9 mmol /liter]) 


Assess overall risk of CAD as under A 


Seek underlying causes of hypertrigly- 
ceridemia (obesity, excessive alcohol 
intake, diuretics, 8 blockers, exoge- 
nous estrogens, diabetes) 


Assess overall risk of CAD as in A; seek 
underlying causes of hypertriglyceride- 
mia as in C 


Make full diagnosis on clinical and labora- 
tory data 


nsity lipoprotein; LDL = low-density lipoprotein. 
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Management 


Restrict food energy if overweight; give 
nutritional advice (lipid-lowering diet) 
and correct other risk factors if 
present; if LDL response inadequate, 
consider additional therapy in persons 
at very high risk; therapeutic goal— 
unless at overall risk, no follow-up; if at 
high risk, manage as Group B 

Restrict food energy if overweight; pre- 
scribe lipid-lowering diet and monitor 
response and compliance; if cholester- 
ol remains high, reinforce lipid-lowering 
diet; if this fails, consider drugs; cor- 
rect other risk factors, if present 

Restrict dietary energy if overweight; 
deal with underlying causes if present; 
prescribe and monitor lipid-lowering 
diet; monitor cholesterol and triglycer- 
ide levels; correct other risk factors, if 
present 

Restrict dietary energy if overweight; 
deal with underlying causes of hyper- 
triglyceridemia if present and proceed 
according to A or C; prescribe and 
monitor lipid-lowering diet; correct oth- 
er risk factors, if present; if serum lipid 
response is inadequate and overall 
CAD risk is high, consider use of lipid- 
lowering drug 

Dietary treatment and, commonly, drug 
therapy needed with ongoing supervi- 
sion to maximize response; referral to 
specialist for diagnosis and initiation of 
therapy may be considered; particular 
attention is required for correction of 
other risk factors 





TABLE Ill Factors Affecting Therapy of Hyperlipidemia 


Modifiable 


Risk Factors Other Factors 


Family history of CAD or peripheral 
vascular disease 

Personal history of early onset CAD 

Revascularization procedures 

Male gender 

Younger age 


Hypertension 


Cigarette smoking 
Diabetes mellitus 
Obesity 

Low HDL cholesterol 


CAD = coronary artery disease; HDL = high-density lipoprotein. 


Adapted with the permission of the Eur Heart J.' 


of 200 to 500 mg/dl are defined as having mixed hyper- 
lipidemia. In treating these patients, the clinician should 
assess the overall risk of CAD and determine and treat 
underlying causes of hypertriglyceridemia. If the person 
is overweight, a low-calorie diet should be prescribed to 
reduce very low density lipoprotein synthesis. A lipid- 
lowering diet should also be prescribed, and plasma lipid 
levels monitored. 

After the hypertriglyceridemia has been corrected, 
patients should receive treatment as recommended for 
those in groups A or B, depending on whether the choles- 
terol level is < or >250 mg/dl. 

Drug treatment should be considered if the overall 
risk of CAD is high or if LDL or triglyceride levels are 
elevated, or both, despite prolonged efforts at dietary 
control. The drugs of choice vary according to the combi- 
nation of cholesterol and triglyceride levels found in the 
patient (Table V). Any of 3 combinations of cholesterol 
or triglyceride levels may be present after dietary inter- 
ventions. If the triglyceride level is elevated but the cho- 
lesterol level is within normal limits, nicotinic acid or a 
fibrate should be prescribed. If the cholesterol level is 
elevated but the triglyceride level is within normal limits, 
nicotinic acid, a bile acid sequestrant, a hydroxymethyl- 
glutaryl coenzyme A reductase inhibitor or a fibrate may 
be prescribed. If both triglyceride and cholesterol levels 
remain elevated, nicotonic acid, a fibrate, or a combina- 
tion of lipid-lowering agents may be appropriate. Sug- 
gested regimens include a bile acid sequestrant plus a 
fibrate or, alternatively, a hydroxymethylglutaryl coen- 
zyme A reductase inhibitor. 

Group E—severe hypercholesterolemia or hyper- 
triglyceridemia: Patients with cholesterol levels >300 
mg/dl or triglyceride levels >500 mg/dl, or both, are 
defined as having severe hypercholesterolemia or hyper- 
triglyceridemia, or both. Patients in this group should be 
cared for by a specialist in lipoprotein and lipid metabo- 
lism who should attempt to provide a precise diagnosis of 
the underlying metabolic defect and initiate treatment. 


THERAPEUTIC GOALS 

The therapeutic goal for a patient with hyperlipide- 
mia is determined by the type and severity of CAD risk 
factors present (Table III). Modifiable risk factors in- 
clude hypertension, cigarette smoking, diabetes, obesity 
and low levels of HDL cholesterol. If a modifiable risk 
factor is present, it should be eliminated or treated. Non- 
modifiable risk factors include a family history of CAD 
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TABLE IV Goals of Treatment for Hyperlipidemia 


Other Marked 
or Multiple Risk 
Factors Present* 


No Other Marked 
Risk Factor Present 


mmol /liter mmol /liter 


mg/dl mg/dl 


LDL cholesterol 155 4 
Serum cholesterol 200-215 5.2-5.6 


Serum triglyceride 200 2:3 

* See Table III. 

The relation between triglyceride levels and coronary artery disease is incompletely 
defined, and the value shown here is necessarily arbitrary at the current time. In the 
chylomicronemia syndrome and in severe familial hypertriglyceridemia, the goal of 
treatment is to minimize the risk of acute pancreatitis, which requires that triglyceride 
levels be reduced to <1,000 mg/dl (<11 mmol/liter), and preferably to <500 mg/dl 
(<5.6 mmol /liter). 

LDL = low-density lipoprotein. 

Adapted with the permission of the Eur Heart J.' 


or of peripheral vascular disease, a personal history of 
early-onset CAD or need for a revascularization proce- 
dure, male gender and younger age. 

Whenever a hyperlipidemic person has pronounced or 
multiple risk factors, the therapeutic goal is affected. Ina 
hyperlipidemic subject whose only risk factor is elevated 
cholesterol level, the therapeutic goals are to reduce the 
cholesterol level to <200 mg/dl and LDL level to <155 
mg/dl (the National Institutes of Health Consensus Con- 
ference recommended an LDL level of <160 mg/dl and 


TABLE V Choice of Lipid-Lowering Drugs 


Drug treatment rarely indicated; if required for patients at 

extremely high CAD risk, selection as in Group B 

Single-drug treatment considered for persistent LDL cho- 
lesterol elevation despite prolonged effort at dietary con- 
trol: bile acid sequestrant (usually at low dosage), nicotin- 
ic acid, fibrate, or HMG-CoA reductase inhibitor 

Drug treatment controversial; either nicotinic acid or fibrate 

Drug treatment considered if LDL cholesterol or triglycer- 
ide elevation, or both, persist despite prolonged effort at 
dietary control: 

Cholesterol remains elevated, triglyceride within limits— 
nicotinic acid, fibrate, bile acid sequestrant, or HMG- 
CoA reductase inhibitor 

Triglyceride elevated, cholesterol within limits—nicotinic 
acid or fibrate 

Cholesterol and triglyceride elevated—nicotinic acid or 
fibrate, or fibrate plus bile acid sequestrant or HMG- 
CoA reductase inhibitor 

Choice of drug treatment depends on diagnosis of primary 
lipid disorder: 

Familial hypercholesterolemia—bile acid sequestrant, 
HMG-CoA reductase inhibitor or nicotinic acid; for non- 
responders use combination therapy—bile acid se- 
questrant with either nicotinic acid, fibrate, probucol, 
or HMG-CoA reductase inhibitor 

Remnant hyperlipidemia—fibrate or nicotinic acid 

Familial hypertriglyceridemia—nicotinic acid or fibrate 

Familial combined hyperlipidemia—drug treatment as 
under group D ' 

Primary chylomicronemia—drug treatment rarely indi“ 
cated 

CAD = coronary artery disease; HMG-CoA reductase = hydroxymethyigliutary| 


coenzyme A; LDL = low-density lipoprotein. 
Adapted with the permission from Eur Heart J.+? 
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A SYMPOSIUM: EVOLVING ISSUES IN THE TREATMENT OF HYPERCHOLESTEROLEMIA 


TABLE VI U.S. Versus Europe on Guidelines—Major Differences 


Lead Parameter 


Cholesterol 


Triglycerides 


HDL cholesterol 


LDL cholesterol 


Patient management 


Drug treatment 


U.S. Guidelines—Total Cholesterol 


200-239 mg/dl: borderline high, medical attention only if 
CHD or 22 risk factors present 

2240 mg/dl: high blood cholesterol, medical attention 
needed 

250-500 mg/dl: correct underlying cause, if present 

>500 mg/dl: medical attention needed 


<35 mg/dl considered a major risk factor; HDL mea- 
sured as part of LDL cholesterol determination 


LDL cholesterol level is the basis for clinical decisions 
about dietary or drug therapy; 130-159 is borderline- 
high risk, 2160 is high risk; borderline-high risk needs 
attention if linked with CHD or 22 risk factors present; 
minimal goal of treatment: <160 mg/dl or <130 mg/dl 
if CHD or 22 CHD risk factors present 

Guidelines on the basis of LDL cholesterol; HDL and other 
CHD risk factors used to modify initiation levels and 
goals of treatment; total cholesterol used to monitor 
response to diet 

Initiate if diet alone leaves LDL cholesterol =>190 mg/dl, 
or if LDL cholesterol is 160-189 and CHD or 22 other 
risk factors present 

First choice: bile acid sequestrants and nicotinic acid; 
gemfibrozil particularly useful in patients with high LDL 
cholesterol who also have elevated triglycerides and 


European Guidelines—Total Cholesterol and Triglycerides 


Target and attention value: 200 mg/dl 


Target and attention value: 200 mg/dl 
In combination with low HDL cholesterol, “triglyceride 
appears to be an independent risk factor” 

“HDL cholesterol <35 mg/dl may be taken into account 
in deciding on the intensity with which hyperlipidemia 
should be treated” 

Goal of treatment: 155 mg/dl, respectively; 135 mg/dl if 
other risk factors 


Guidelines on the basis of 5 treatment groups (A-E) (see 
Table V) 


Initiate if diet alone fails and target values not achieved: 
in groups A and C, if additional risk factors are present 


Differentiates between pure hypercholesterolemia (first 
choice, bile acid sequestrants) and dyslipidemia (first 
choice, fibrate or nicotinic acid) 


low HDL cholesterol; lovastatin considered a highly ef- 


fective new drug 


NCEP 1989 recommendations: ‘When drug therapy is re- 
quired for high LDL cholesterol levels in the presence 
of low HDL levels, cholesterol-lowering drugs that con- 
comitantly raise HDL should be given first priority” 


CHD = coronary heart disease; HDL = high-density lipoprotein; LDL = low-density lipoprotein; NCEP = National Cholesterol Education Program. 
Information taken from the European Atherosclerosis Society}? and the U.S. National Cholesterol Education Program.*° 


reduction of the triglyceride level to <200 mg/dl). In 
persons with pronounced or multiple risk factors, the 
therapeutic goal is the reduction of LDL to <135 mg/dl 
by way of an appropriate combination of dietary modifi- 
cations and drug therapy (Table IV). 


EUROPEAN VERSUS UNITED STATES 
GUIDELINES: SIMILARITIES 
AND DIFFERENCES 

Both the European and the National Institutes of 
Health Consensus Conferences agreed that the relation 
between plasma cholesterol concentration and CAD is 
strong, as evidenced by data from a large number of 
studies, and that this relation is independent of the pres- 
ence of other risk factors. When the elevated cholesterol 
concentration is attributed to a high level of LDL, elevat- 
ed cholesterol has been found to have a causal role in 
atherosclerotic heart disease. Evidence has also shown 
that lowering an elevated plasma cholesterol level will 
reduce the risk of myocardial infarction. 

The critical plasma cholesterol level appears to be 200 
mg/dl—a premise strongly supported by the Multiple 
Risk Factor Intervention Trial. Mortality rates from 
CAD double as cholesterol levels increase from 200 to 
260 mg/dl. Both the European and United States Con- 
sensus Conferences concurred, therefore, that the reduc- 
tion of plasma cholesterol concentration to approximately 
180 mg/dl in adults younger than age 30 years and to 
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approximately 200 mg/dl in adults older than age 30 
years should be encouraged. 

On the other hand, the European Consensus Confer- 
ence placed greater emphasis on the roles of high-density 
cholesterol and triglyceride concentrations than did the 
National Institutes of Health Conference. In particular, 
hypertriglyceridemia associated with low levels of HDL 
cholesterol was considered to be related to increased risk 
of CAD in many patients (Table VI). 


POPULATION STRATEGY VERSUS 
HIGH-RISK STRATEGY 

The European guidelines proposed 2 strategies for risk 
factor reduction. The population strategy is based on the 
recognition that, in almost all of the European countries, 
most CAD results from exposure of a large proportion of 
the population to moderately elevated levels of risk fac- 
tors. Thus, this strategy seeks to promote health-oriented 
behaviors, (i.e., improved nutrition, smoking cessation 
and exercise) in the entire population so as to reduce the 
overall risk of CAD. Conversely, the high-risk strategy 
involves the widespread use of clinical and laboratory 
tests to identify the minority of persons within the popula- 
tion who are at a particularly high relative risk of CAD. 

Alternative modes of identifying persons at high risk 
were suggested by the European strategy group. The first 
method, selective screening, involves targeted risk factor 
assessment of persons likely to have positive findings and 





those in whom hyperlipidemia is likely to be particularly 
hazardous. Selection criteria for such screening include a 
positive family history of cardiovascular disease, particu- 
larly occurring at a relatively early age (<50 years); a 
family history of hyperlipidemia; the presence of xanthe- 
lasmas or corneal arcus in persons younger than age 40 
years; obesity; diabetes mellitus; hypertension; smoking; 
and gout. 

From the viewpoint of the community, selective 
screening is not sufficient as a means of reducing the 
incidence of CAD; a large proportion of persons at high 
risk would not be examined if assessment were confined 
to those having the characteristics listed. In regard to 
persons with 1 or more of these characteristics, however, 
risk factor assessment is recommended and positive find- 
ings may be anticipated in a substantial proportion of 
such persons. 

The second method of identifying high-risk persons 
(called case finding, opportunistic screening or the health 
check) involves the sound practice of including risk factor 
assessment as part of a full clinical examination—e.g., at 
the first visit to a physician, during a medical examina- 
tion for employment purposes (including entry into the 
armed services), or, when appropriate, during consulta- 
tion for intercurrent medical problems. Over the course of 
several years, the goal is to recognize most people with 
levels of risk factors requiring treatment. By doing so in 
the context of the doctor-patient relation, compliance 
with advice and treatment is furthered. Case finding is 
best conducted at the primary health care level and in 
hospitals, since this affords an opportunity to reach as 
large a proportion of the population as possible. By ex- 
tending the process over several years, the impact on 
clinical work load and laboratory costs is minimized; the 
high-risk strategy will, as is desirable, be introduced in 
concert with the population strategy. 

The third method of identifying high-risk persons, 
general screening, involves a direct invitation to the public 
to undergo blood pressure measurement, laboratory tests 
or other investigations. In some countries, such activities 
are already underway for selected age groups, using exist- 
ing screening facilities and trained primary health care 
personnel, who are following high-risk persons. In other 
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countries, the abrupt institution of this strategy would 
create the problem of generating a very large caseload, 
possibly before the medical profession has had time to 
assimilate the implications of risk factor reduction at the 
clinical level. Screening should be performed only if pro- 
visions have been made for treatment and follow-up by 
medical practitioners. 

The European study group suggested that the case- 
finding approach, coupled with selective “screening,” 
currently provide the optimal means of detecting persons 
at particular risk in most countries. The population and 
individual strategies are considered complementary; im- 
plementation of each may enhance the effectiveness of 
the other. These 2 strategies represent different ways of 
bringing an essentially similar package of preventive 
measures to the population. Each has its strengths and 
limitations. Cigarette smoking, excess weight and unbal- 
anced diets are so common that ongoing mass education 
will be needed to reach the large numbers of persons with 
such risk factors; this educational approach can and 
should be strongly reinforced in individual clinical prac- 
tices. Similarly, undesirable or overtly high levels of se- 
rum cholesterol are exceedingly prevalent; in many coun- 
tries, >50% of young and middle-aged persons have cho- 
lesterol levels >200 mg/dl (5.2 mmol/liter). On the other 
hand, the minority of the population with pronounced 
risk factors (e.g., moderate or severe hypertension, major 
genetic hyperlipidemia or marked obesity) require indi- 
vidual therapy in a clinical setting; for such persons, the 
moderate changes in health habits advocated by the pop- 
ulation-based strategy will often be inadequate. 
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Lipid-Lowering Therapy After an 
Atherosclerotic Event* 


William C. Roberts, MD 


en considering lipid-lowering therapy (diet + 
W drug) for a patient who has had an atheroscle- 
rotic event, the following facts might be consid- 

ered: 

1. Whatever the levels of the serum (or plasma) total 
and low-density lipoprotein (LDL) cholesterol in the pa- 
tient with an atherosclerotic event, they are too high for 
that particular patient. 

2. The greatest risk factor for a subsequent athero- 
sclerotic event is a previous atherosclerotic event. 

3. The greatest danger period for a subsequent ath- 
erosclerotic event is the first 6 months after the previous 
atherosclerotic event. 

4. The higher the serum total and LDL cholesterol 
levels, the greater the chance of a subsequent atheroscle- 
rotic event. 

5. Portions of atherosclerotic plaques disappear (“re- 
verse”) when the total and LDL cholesterol levels are 
lowered, and when portions of plaques disappear the arte- 
rial lumens widen and blood flow to the organ supplied 
increases. 

6. The greater the percent decrease in serum total 
and LDL cholesterol levels, the greater the disappearance 
(reversibility) of portions of atherosclerotic plaques. 

7. Diet therapy alone (percent of calories from fat 
reduced from 40 to 30%) usually lowers the serum total 
and LDL cholesterol levels only about 10%, and a reduc- 
tion of this magnitude probably causes little to no disap- 
pearance of portions of atherosclerotic plaques. 

8. Most persons having atherosclerotic events have 
serum total cholesterol levels from 200 to 240 mg/dl (5.2 
to 6.2 mmol/liter) and LDL cholesterol levels from 130 
to 160 mg/dl (3.4 to 4.1 mmol/liter). 

If the aforementioned 8 items are accepted as facts, is 
it appropriate to manage serum cholesterol levels in per- 
sons who have had atherosclerotic events in the same 
fashion as these levels are managed in persons who have 
not had atherosclerotic events? My answer is “no.” 

To better understand this answer it may be useful to 
summarize the therapeutic guidelines of the Adult Treat- 
ment Panel (29 members) of the National Cholesterol 
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Education Program (slightly modified for simplicity), 
published in January 1988, for management of LDL 
cholesterol levels in persons aged 20 to 74 years in the 
USA.! The Panel had 3 therapeutic recommendations: 

1. If the serum LDL cholesterol was 130 to <160 
mg/dl and if definite coronary artery disease or 2 other 
risk factors were present, a low-fat, low-cholesterol diet 
should be prescribed. The “other risk factors” were male 
sex, history of acute myocardial infarction or sudden 
coronary death before 55 years of age in a parent or 
sibling, cigarette smoking (>10 cigarettes a day), system- 
ic hypertension (not defined), serum high-density lipo- 
protein cholesterol <35 mg/dl (<0.9 mmol/liter), diabe- 
tes mellitus, history of cerebrovascular or peripheral arte- 
rial disease and severe obesity (=30% overweight). 

2. If the serum LDL cholesterol was 160 to 190 mg/ 
dl (4.1 to 4.9 mmol/liter) in the absence of definite evi- 
dence of coronary artery disease and without the presence 
of 2 other risk factors, diet therapy should be prescribed. 

3. If the LDL cholesterol was >190 mg/dl in the 
absence of definite evidence of coronary artery disease or 
2 other risk factors, a lipid-lowering diet should be started 
and if the goal of <190 mg/dl was not obtained by diet in 
6 months, then lipid-lowering drug therapy should be 
added. 

Thus, the therapeutic recommendations of the Na- 
tional Cholesterol Education Program! are based primar- 
ily on the serum LDL cholesterol level and only secondar- 
ily on the presence of definite clinical evidence of coro- 
nary artery disease or other risk factors. The therapeutic 
recommendations are not greatly different for persons 
who have had definite coronary events (secondary pre- 
vention) and for those persons who have not (primary 
prevention). In my view, the occurrence of a coronary 
event (myocardial infarction, nonfatal cardiac arrest, an- 
gina pectoris associated with angiographically confirmed 
coronary arterial narrowing, and a positive exercise test 
result in the absence of symptoms of myocardial ischemia 
but in the presence of angiographically confirmed coro- 
nary arterial narrowing) should take precedence over the 
serum LDL cholesterol levels, and lipid-lowering therapy 
should be approached quite differently in the person who 
has had a coronary event compared with the person who 
has not. 

Of persons residing in the USA who have not had an 
atherosclerotic event—and coronary events are by far the 
most common of them—-slightly less than 50% will have 
one eventually if our lipid-consuming habits are not al- 
tered. Furthermore, of persons who have had 1 athero- 
sclerotic event and survived, the chances are >90% that 
another atherosclerotic event will occur, and the chances 


























also are >90% that the mode of death will be another 
atherosclerotic event. The major focus of management of 
a person who has had 1 atherosclerotic event is the pre- 
vention of a subsequent atherosclerotic event (secondary 
prevention). 

The best deterrent to the occurrence of a subsequent 
atherosclerotic event is the lowering of the serum total 
and LDL cholesterol levels below the levels that were 
present at the time of the earlier atherosclerotic event. 
Even if the serum total cholesterol level was <200 mg/dl 
and the LDL cholesterol <130 mg/dl at the time of the 
first atherosclerotic event, these levels are too high for 
that patient. (Levels above these values are recognized to 
be too high for all persons irrespective of whether or not 
they have had atherosclerotic events.) Thus, irrespective 
of the actual serum total and LDL cholesterol levels at 
the time of or preceding an atherosclerotic event, the 
levels should be lower. If serum total and LDL cholesterol 
levels are lowered, the chances of a subsequent athero- 
sclerotic event are lowered; the chances of dissolving (re- 
versing) portions of atherosclerotic plaques and of in- 
creasing organ perfusion are increased and, consequently, 
the chances of longer survival are increased. 

Because the initiation of a low-fat, low-cholesterol diet 
therapy usually causes only modest reduction in serum 
total and LDL cholesterol levels; because the chances of, 
and extent of, plaque reversibility appears to be roughly 
proportional to the extent of the reduction of the serum 
total and LDL cholesterol levels; because the chances of a 
subsequent atherosclerotic event decrease roughly pro- 
portional to the decrease in serum total and LDL choles- 
terol levels; and because the greatest danger of an athero- 
sclerotic event is during the first 6-month period after a 
previous atherosclerotic event, maximal reduction in se- 
rum total and LDL cholesterol levels should occur as soon 
as possible after an atherosclerotic event. Maximal reduc- 
tion is not best achieved by a 6-month trial of diet thera- 
py. It is best achieved by simultaneous initiation of both 
low-fat, low-cholesterol diet therapy and lipid-lowering 
drug therapy as soon as possible after the atherosclerotic 
event has occurred. The goal is maximal reduction of 
both serum total and LDL cholesterol levels as soon as 
possible after the atherosclerotic event. 

The drug or drugs chosen should be those that have 
the greatest capacity to lower the serum total and LDL 
cholesterol levels (Table I). In persons who have had no 
atherosclerotic events, a 1% reduction in serum total cho- 
lesterol yields at least a 2% reduction in the frequency of 
fatal coronary artery disease or nonfatal acute myocardi- 
al infarction.2° There is no reason to believe that this 2 for 
1 principle is inapplicable to persons who have had ath- 
erosclerotic events. The combination of a 3-hydroxy-3- 
methylglutaryl coenzyme A (HMG CoA) reductase in- 
hibitor (e.g., lovastatin) and a bile-acid sequestrant (¢.g., 
cholestyramine, colestipol) have the capability of lower- 
ing the serum LDL cholesterol by 50%,* and theoreti- 
cally this degree of reduction before an atherosclerotic 
event could eliminate the possibility of an atherosclerotic 
event. For those persons who have had an atherosclerotic 

event, it is reasonable to believe that a 50% reduction in 
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TABLE! Maximal Recommended Daily Doses of “‘Lipid- 
Lowering” Drugs Presently Available in the USA and Their 
Average Effects on Serum Lipids 







Effects on Serum Lipids’ 













Colestipol 30,000 | 18% { 24% t6% 

Cholestyramine 24* 24,000 418% 424% t6% 110% 
Nicotinic acid 3tt 3,000t# {20% {25% t10% 425% 
Gemfibrozil 1.27 1.200t 411% 412% t15% 440% 
Probucol itt 1,000t# {10% |10% 423% 13% 
Lovastatin 0.085 gos 134% 442% 10% 425% 









* Each gram of regular Questran contains 0.44 g of cholestyramine and each gram 
of Questran light (nutrasweet) contains 0.86 g of cholestyramine. 

t This dose also is the usual dose. 

+ This dose can be increased but side effects increase considerably. 

§ About 70% of the nearly 1.0 million persons in the USA now receiving lovastatin 
take only 20 mg a day (1 tablet). This is the only drug of the 6 that is a once-a-day 
medicine when taken in 20- or 40-mg dosage. 

These average values were obtained from several studies.2-!9 The averages as- 
sume that the study subjects are also on a lipid-lowering diet. 

HDL = high density lipoprotein; LDL = low-density lipoprotein; TC = total cholester- 
ol: TG = triglyceride. 




















serum LDL cholesterol would substantially decrease the 
chances of a subsequent atherosclerotic event. 

Opponents of the viewpoint that simultaneous lipid- 
lowering diet and drug therapy should be initiated soon 
after an atherosclerotic event irrespective of the actual 
serum total and LDL cholesterol levels (assuming that 
secondary causes of hypercholesterolemia have been 
ruled out and that there are no contraindications to drug 
therapy) might argue that lipid-lowering drugs are €x- 
pensive and that they have real or potential toxic effects. 
Yes, these drugs are expensive, but coronary artery dis- 
ease is an expensive disease. It occurs because most of us 
eat expensive foods. Coronary angioplasty is an expensive 
procedure (each about $10,000) and about 200,000 were 
performed in the USA in 1988. Coronary bypass is an 
even more expensive procedure (each about $30,000) and 
about 250,000 of these operations were performed in the 
USA in 1988. Thirty percent of persons undergoing coro- 
nary angioplasty have restenosis at the angioplasty site 
within 6 months after the procedure. Although coronary 
bypass has proved to be highly beneficial, about 25% of 
persons having it increase both their serum cholesterol 
levels and their body weight during the first year after the 
procedure and both of these occurrences increase the 
chances of another atherosclerotic event. 

In the USA an estimated 5.5 to 7.5 million persons 
have symptomatic myocardial ischemia and, therefore, 
the lipid-lowering drug cost potentially could be very 
expensive. If 5.5 million Americans with symptomatic 
myocardial ischemia each were treated with a single 20- 
mg tablet of lovastatin daily, then the total cost would be 
$2.75 billion a year ($1.50 /tablet and $550 /person/ 
year). For this cost the average reduction in serum total 
cholesterol would be 17%, in LDL cholesterol 20%, in 
serum triglycerides 20%, and the serum high-density lipo- 
protein cholesterol would increase about 7%. A serum 
total cholesterol reduction of 17% should yield a sizable 
reduction in the frequency of subsequent coronary events. 
In contrast, the cost of performing 250,000 coronary by- 
passes each year currently is about $7.5 billion (nearly 3 
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times as much), and the cost of performing 200,000 coro- 
nary angioplasties each year currently is about $2.0 bil- 
lion. The impact of treating several million persons who 
have had a coronary event with lipid-lowering drugs (+ 
lipid-lowering diet) might have an enormous impact on 
the nation’s health. 

Although 4 of the 6 drugs currently available (Table 
I) in the USA to lower the serum total and LDL choles- 
terol levels do cause an alteration in hepatic enzymes in | 
to 2% of recipients, these alterations are completely re- 
versible when the drug is discontinued, and these hepatic 
enzyme alterations may not occur on another trial of the 
Same drug. Rhabdomyolysis occurs in about 1 in 5,000 
persons who receive lovastatin and are not concomitantly 
receiving cyclosporine. The operative procedures (angio- 
plasty and bypass) designed to increase myocardial blood 
flow also, of course, have their “toxic” effects including 
death. The greatest danger for a person who has had a 
coronary event, however, is not a toxic effect from a drug 
or a complication of a Coronary procedure or operation, it 
is the occurrence of another coronary event. The preven- 
tion of another coronary event should be the major thrust 
of therapy for those who have had an earlier event. 

In my view, virtually all persons who have had coro- 
nary events would benefit by combined diet and drug 
lipid-lowering therapy including persons who have had 
coronary angioplasty and bypass procedures. Several 
studies are now in progress to definitely answer the ques- 
tion of the usefulness of lipid-lowering drugs in persons 
who have had coronary events. Enough data already are 
available, however, to Support the view to increase the use 
of lipid-lowering drugs irrespective of serum total and 
LDL cholesterol levels in patients who have had athero- 
sclerotic events. 
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Hydroxymethylglutaryl Coenzyme A 
Reductase Inhibitors as Monotherapy in 
the Treatment of Hypercholesterolemia 


J. Findlay Walker, MD, and Deborah R. Shapiro, DrPH 


A variety of double-blind studies have compared 
the efficacy of hydroxymethylglutaryl coenzyme A 
reductase inhibitors (lovastatin and simvastatin) 
with that of control agents (cholestyramine, fi- 
brates and probucol) in patients with type IIA or IIB 
primary hypercholesterolemia. Results have shown 
that both lovastatin and simvastatin are more effec- 
tive than the standard therapies with regard to re- 
ducing total and low-density lipoprotein cholesterol. 
Decreases in triglycerides and increases in high- 
density lipoprotein cholesterol were generally 
greater with fibrates. Ongoing studies are assess- 
ing the benefits of lovastatin and simvastatin in re- 
ducing the incidence of mortality from coronary ar- 
tery disease, as well as causing regression of coro- 
nary atheroma. 

(Am J Cardiol 1990;65:19F-22F) 
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ntil recently, the standard therapies available for 
| | the treatment of hyperlipoproteinemia, especially 
primary hypercholesterolemia, have been rela- 
tively limited both in number and in therapeutic useful- 
ness. In general, the more effective agents have been 
poorly tolerated, whereas the better-tolerated agents have 
had very limited efficacy. To some extent, at least, the 
limitations of the available therapies have been responsi- 
ble for the failure of the medical community to adopt 
vigorous therapeutic strategies for the modification of 
lipid abnormalities, which have been recognized as car- 
diovascular risk factors for at least 30 years. During the 
past decade, agents have been described that lower serum 
cholesterol by inhibiting activity of the enzyme hydroxy- 
methylglutaryl coenzyme A (HMG CoA) reductase, one 
of the early and rate-limiting enzymes in the body’s in- 
trinsic synthesis of cholesterol. The biosynthetic pathway 
is summarized in Figure 1.! Because most cholesterol in 
the body derives from intrinsic synthesis, not dietary in- 
take, this was considered to be a desirable and specific 
target for therapeutic intervention. 

Among the HMG CoA reductase inhibitors, lovasta- 
tin and simvastatin have each been approved for market- 
ing in a number of countries. Lovastatin is marketed in 
the United States, Canada, Germany and Finland, 
among others, while simvastatin has been released in 
Sweden, the United Kingdom, The Netherlands, France 
and Italy. Pravastatin is in the late stages of development, 
but is not yet marketed, whereas fluvastatin is undergoing 
early clinical studies. 

This article briefly reviews information on the com- 
parative efficacy of lovastatin, simvastatin and standard 
therapy, based on clinical studies performed as part of the 
manufacturer’s drug development programs. 


PATIENT POPULATIONS AND STUDY DESIGN 
Patients involved in these clinical programs had pri- 
mary hypercholesterolemia of the IIA or IIB phenotype, 
with total cholesterol levels, on dietary therapy, >240 
mg/dl, and low-density lipoprotein cholesterol levels 
>165 mg/dl. The subjects had undergone a washout 
period from previous drug therapy, followed by dietary 
therapy for at least 4 weeks, before randomization. 

In studies conducted in the United States, a central 
laboratory was used for all lipid and other biochemical 
tests. In multinational studies in other countries, a central 
laboratory was not feasible, in general, but care was taken 
to assure the quality of the methods used; wherever possi- 
ble, Centers for Disease Control standardization, or an 
equivalent, was ensured. 


19F 





A SYMPOSIUM: EVOLVING ISSUES IN THE TREATMENT OF HYPERCHOLESTEROLEMIA 


ACETYL CoA 


HMG CoA 


HMG CoA 
REDUCTASE 


MEVALONATE 


MEVALONATE 
PYROPHOSPHATE 


ISOPENTENYL —~@—— DIMETHYLALLYL ———» ISOPENTENYL 
PYROPHOSPHATE ————> PYROPHOSPHATE TRNA 


GERANYL 
PYROPHOSPHATE 


FARNESYL 
PYROPHOSPHATE 


CIS-PRENYL 
TRANSFERASE 


SQUALENE 
SYNTHETASE 


TRANS-PRENYL- 
TRANSFERASE 


SQUALENE 


t f 


UBIQUINONE 


CHOLESTEROL 


{ 


DOLICHOL 


FIGURE 1. Cholesterol biosynthetic pathway. HMG CoA = hydroxymethylglutaryl coenzyme A. (Reprinted with permission 


from Am J Cardiol.*) 


TABLE I Numbers of Patients in Comparative Studies 


No. of 
Study Pts. 


Lovastatin vs placebo (familial 
hypercholesterolemia) 
Lovastatin vs placebo (nonfamilial 
hypercholesterolemia) 
Lovastatin vs cholestyramine 
Lovastatin vs probucol 
Lovastatin vs gemfibrozil 
Simvastatin vs placebo (familial and 
nonfamilial hypercholesterolemia) 
Simvastatin vs cholestyramine* 
Simvastatin vs probucol 
Simvastatin vs gemfibrozil 
Simvastatin vs bezafibrate 


* Two protocols. 


All direct comparative studies were double-blind, with 
the exception of comparisons to cholestyramine, for 
which there is no easily available placebo. The double- 
blind, comparative periods of the studies lasted 6 to 8 
weeks when the comparative agent was placebo and 12 to 
14 weeks when active control agents were used. These 
periods were followed by long-term open extensions. 
Doses of lovastatin ranged from 20 to 80 mg, given either 


as a single dose in the evening or twice daily. Simvastatin 
was generally given in doses of 10 to 40 mg once daily in 
the evening. Comparative agents were given according to 
the recommendations of the respective manufacturers: 
cholestyramine* at a dose of 12 g twice daily (or the 
maximal dose tolerated by the patient), probucol*-* at 500 
mg twice daily, gemfibrozil at 600 mg twice daily°* and 
bezafibrate at 200 mg 3 times daily.* 


RESULTS 

The numbers of patients treated in comparative stud- 
ies with lovastatin and simvastatin are listed in Table I. 
Overall, in both programs, >60% of patients had familial 
hypercholesterolemia. Approximately 40% of the sub- 
jects had a history of ischemic heart disease. 

Tables II and III list the results of the studies in terms 
of effects on total cholesterol, low- and high-density lipo- 
protein cholesterol, and the ratio of low- to high-density 
cholesterol for lovastatin and simvastatin, respectively. 
Both lovastatin and simvastatin were significantly more 
effective than were the control agents in terms of decreas- 
ing total and low-density lipoprotein cholesterol. Modest 


* Data on file, Merck Sharp & Dohme Research Laboratories, 
Rahway, New Jersey. 


TABLE Il Percent Changes in Lipid Variables—Comparative Studies with Lovastatin 


Treatment Regimen Total (%) 


Lovastatin 20 mg* 
Lovastatin 40 mg 
Lovastatin 80 mg 
Cholestyramine 
Probucol 
Gemfibrozil' 


LDL (%) HDL (%) 


LDL/HDL (%) 


—18 to —25 
—26 to —32 
—37 to —42 
—23 

-8 
-—13/-18 


+6 to +13 
+5 to +13 
+9 to +12 
+8 

—23 
18/12 


* Because the percentage change at a given dose sometimes differed across studies, a range of response is given, if applicable. 
t The data from this study were analyzed in 2 strata: |—total cholesterol <300 mg/dl; |i—total cholesterol 2300 mg/dl. Responses are given for stratum |/stratum Il. 
HDL = high-density lipoprotein cholesterol; LDL = low-density lipoprotein cholesterol; Total = total cholesterol. 
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—25 to —28 
—27 to —38 
—42 to —45 
=, 

+26 
—24/-23 





TABLE Ill Percent Changes in Lipid Variables—Comparative Studies with Simvastatin 


Treatment Regimen 


Simvastatin 10 mg* 
Simvastatin 20 mg 
Simvastatin 40 mg 
Cholestyramine 
Probucol 
Gemfibrozilt 
Bezafibratet 


Total (%) 


—21 

—27 to —28 
—30 to —33 
—15 to —21 
=13 
—16/-16 
—17/-18 


LDL (%) 


HDL (%) 


+4 to +10 
+10 to +14 
+10 to +13 
+8 to +9 
—27 

17/14 
14/23 


LDL /HDL (%) 


—27 to —32 
—36 to —40 
—45 

—25 to —34 
+31 

—28 /—22 
—25/—31 


* Because the percentage change at a given dose sometimes differed across studies, a range of response is given, if applicable. 
' The data from these studies were analyzed in 2 strata: |—total cholesterol <300 mg/dl; ||—total cholesterol >300 mg/dl. Responses are given for stratum | /stratum Il. 


Abbreviations as in Table Il. 


increases in levels of high-density lipoprotein cholesterol 
were seen with all agents except probucol; in several in- 
stances, the increases seen with the fibrates were signifi- 
cantly greater than those observed with lovastatin or sim- 
vastatin. 

Triglyceride levels are generally lowered to a greater 
extent by the fibrates than by HMG CoA reductase 
inhibitors. In the 2 studies reported here in which com- 
parisons were made to gemfibrozil, that agent achieved 
reductions in triglycerides of 30 to 45%, compared with 
reductions of approximately 15% with lovastatin or sim- 
vastatin.>* 


DISCUSSION 

The therapeutic options available for the treatment of 
hypercholesterolemia have been somewhat limited either 
by relatively low degrees of efficacy or by poor tolerabil- 
ity. Cholestyramine, the first of the lipid-lowering agents 
shown to be effective in primary prevention of coronary 
events,° is poorly tolerated, especially at higher doses.’ Its 
mechanism of action involves inhibition of enterohepatic 
recirculation of bile acids, with a subsequent increase in 
the activity of low-density lipoprotein receptors on the 
hepatic cell; this leads to increased uptake of low-density 
lipoprotein cholesterol from the plasma, for production of 
more bile acids. Consequently, plasma cholesterol levels 
decrease.’ 

Probucol acts by a mechanism that is poorly under- 
stood, but may involve enhanced non-receptor-mediated 
clearance of lipoproteins. It has also been reported to 
prevent oxidative modification of lipoprotein particles.® 
Most of the decrease in cholesterol levels seen with probu- 
col is attributable to reductions in high-density lipopro- 
tein cholesterol, which may reflect decreased synthesis of 
apolipoprotein A-I.? 

The fibrates—gemfibrozil, bezafibrate and others— 
generally have a greater effect on triglyceride levels than 
on cholesterol, as confirmed in these studies. Their mech- 
anisms of action are complex, but involve activation of 
lipoprotein lipase with subsequent enhancement of me- 
tabolism of triglyceride-rich lipoproteins. They may also 


* Data on file, Merck Sharp & Dohme Research Laboratories, 
Rahway, New Jersey. 


inhibit hepatic synthesis of fatty acids. Gemfibrozil has 
been shown to be effective in the primary prevention of 
coronary events, in the Helsinki Heart Study. !° 

The HMG CoA reductase inhibitors have a well-de- 
fined mechanism of action, involving specific inhibition of 
a key regulatory enzyme in the cholesterol biosynthetic 
cascade. The subsequent decrease in intracellular choles- 
terol levels leads to enhancement of cellular low-density 
lipoprotein receptor activity, which increases the cell’s 
uptake of low-density lipoprotein cholesterol from the 
plasma. Circulating cholesterol levels decrease as a result. 

After oral administration and absorption, lovastatin 
and simvastatin undergo substantial first-pass extraction 
by the liver,'! allowing relatively little active drug to enter 
the systemic circulation. Because the liver is one of the 
principal sites of cholesterol synthesis,'? this first-pass 
extraction effectively means that the highest concentra- 
tions of active drug are found in the desirable target 
organ. 

With their highly specific mechanism of action, and 
remarkable efficacy as previously described, these drugs 
are likely to be highly desirable additions to the available 
lipid-lowering agents. As described by Tobert et al!? in 
this supplement, up to 5 years of experience and 2 years of 
market experience with lovastatin in large numbers of 
patients have revealed a good tolerability profile. 

Studies are underway to document the benefit of these 
drugs in reducing coronary mortality, as well as in caus- 
ing regression of coronary atheroma. As these programs 
come to fruition, the HMG CoA reductase inhibitors 
should emerge as a mainstay of hypocholesterolemic 
therapy. 
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Clinical Experience with Lovastatin 


Jonathan A. Tobert, MD, PhD, Charles L. Shear, DrPH, 
Athanassios N. Chremos, MD, and Geraldine E. Mantell, MD 


New information on the tolerability of lovastatin 
has emerged from an ongoing study of long-term 
therapy; preliminary results from a large, 48-week 
Clinical trial; and spontaneous reports of adverse 
events observed during prescription use of the drug 
in the United States. As of June 1989, 744 patients 
had received lovastatin for an average duration of 
3.6 years in the long-term study. Drug-attributable 
adverse events necessitated withdrawal of 17 pa- 
tients (2.3%) from the study. These adverse effects 
were asymptomatic elevations of transaminases 
(10), skin rash (3), gastrointestinal symptoms (2), 
myopathy (1) and insomnia (1). No effect of lova- 
statin on the human lens was observed. In the 48- 
week study, 8,245 patients were randomized into 5 
equal groups to receive placebo or lovastatin 20 or 
40 mg once or twice daily on a double-blind basis. 
Only 3 cases of myopathy were observed, all in pa- 
tients taking lovastatin 40 mg twice daily. The inci- 
dence of withdrawal from the study because of 
raised transaminases was approximately 0.1% in 
the placebo group vs 0.1, 0.7, 0.6 and 1.5% in pa- 
tients taking lovastatin in doses of 20 mg once dai- 
ly, 40 mg once daily, 20 mg twice daily and 40 mg 
twice daily, respectively. Lovastatin has been avail- 
able in the United States since September 1987. By 
June 1989, the drug had been prescribed for ap- 
proximately 1 million patients. Drug-attributable 
adverse events not observed in clinical trials (such 
as hypersensitivity reactions and symptomatic hep- 
atitis) have been reported, but the incidence of each 
appears to be extremely low. 

(Am J Cardiol 1990;65:23F-26F) 
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A (HMG CoA) reductase inhibitors in treating 

hypercholesterolemia has been abundantly demon- 
strated (see review by Walker et al in this supplement). 
Lovastatin, the first HMG CoA reductase inhibitor avail- 
able for prescription use, was introduced in the United 
States in 1987, and subsequently in Canada, West Ger- 
many, Denmark, Finland, Norway, Spain, Portugal, and 
more than 20 other countries. Simvastatin, closely related 
to lovastatin and the second drug introduced in this class, 
is available in various European countries (including 
France, Italy, Great Britain, Holland, Belgium and Swe- 
den). Several other inhibitors of HMG CoA reductase 
are under development, but these agents will not be con- 
sidered here because they are not available for prescrip- 
tion (as of June 1989), and published reports on these 
drugs are sparse. This article focuses on lovastatin, be- 
cause it is the only HMG CoA reductase inhibitor cur- 
rently available in the United States. 

The tolerability of lovastatin has been analyzed in 
several recent reviews.'~* This paper provides an update 
on this information, based on data from an ongoing study 
of long-term therapy; preliminary results from a large, 
48-week study; and spontaneous reports of adverse events 
observed during prescription use of the drug in the United 
States. 


Ta efficacy of hydroxymethylglutaryl coenzyme 


LONG-TERM THERAPY STUDY 

Most of the patients who participated in 4 multicen- 
ter, controlled trials of lovastatin*-’ have continued tak- 
ing the drug. Data gathered at 23 participating clinics (17 
in the United States) through March 1988 (when the 
average duration of therapy was 2.5 years) have been 
presented previously.* As of June 1989, the mean dura- 
tion of therapy was 3.6 years. The population studied is at 
very high risk of coronary disease; 60% have familial 
hypercholesterolemia, accounting for the very high base- 
line plasma cholesterol of 359 mg/dl. Coronary or pe- 
ripheral atherosclerosis is present in 48% of the subjects, 
including 40% who have a history of angina, myocardial 
infarction, or both, and 20% who have undergone coro- 
nary bypass surgery or angioplasty. Doses of lovastatin 
have been titrated up to the maximum of 80 mg/day in 
66% of the subjects, reflecting the severity of their hyper- 
cholesterolemia. For the same reason, approximately half 
the patients have taken concomitant lipid-lowering 
agents (usually bile acid sequestrants) either intermit- 
tently or on a long-term basis. The outcome in these 
patients as of June 1989 is summarized in Table I. 

Sixty-two patients (8.3%) have been lost to follow-up. 
Therapy was discontinued in 17 patients (2.3%) because 
of drug-attributable adverse events, and in another 22 
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TABLE I Lovastatin Long-Term Adverse-Effect Study— 
Interim Data on Patients’ Status Through June 1989 


No. of 
Patient Status 


Entered study 

Continuing 

Lost to follow-up 

Discontinued due to 
Drug-attributable adverse events 
Other adverse events 
Poor response 


Total 


patients (3.0%), including 15 who died, because of ad- 
verse events not likely to be related to lovastatin. The 
drug-attributable adverse events (i.e., those events con- 
sidered to be probably causally related to lovastatin) are 
summarized in Table II. The most common cause of 
discontinuation of therapy was an asymptomatic increase 
in transaminases that persisted at levels >3 times the 
upper limit of normal. Since the previous report, present- 
ing data obtained through March 1988,3 1 additional 
patient has discontinued therapy (after 2.9 years) be- 
cause of raised transaminases, bringing the total to 10. 
Nine of the 10 patients (including this last patient) who 
discontinued because of raised transaminases first experi- 
enced a transaminase value >3 times the upper limit of 
normal within 48 weeks of starting lovastatin. In the only 
other patient to discontinue therapy because of drug- 
attributable adverse events since March 1988 a rash de- 
veloped that disappeared when lovastatin was withdrawn 
and reappeared after it was readministered. All 17 pa- 
tients withdrawn from treatment had no clinical sequelae 
after lovastatin was discontinued. 

Of the 22 patients who discontinued therapy because 
of adverse events not likely to be related to lovastatin, 15 
died. Acute coronary events accounted for 14 of these 
deaths and carcinoma of the pancreas for 1. Of the 14 
patients who died from coronary events, 12 had previous 
coronary disease. The coronary death rate was therefore 
11 per 1,000 per year among patients with previous coro- 
nary disease, vs only 1 per 1,000 per year among those 
who did not have coronary disease. Considering the high- 
risk status of the study population, these rates are low. 
Therapy in the remaining 7 patients was discontinued 


TABLE Il Lovastatin Long-Term Adverse-Effect Study— 
Interim Data on Patients Discontinuing Therapy Because of 
Drug-Attributable Adverse Events Through June 1989 


No. of 
Adverse Event Pts. 


Raised transaminases 10 
Rash 3 
Gastrointestinal symptoms 2 
Myopathy 1 
Insomnia ] 


Total 17 
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because of breast cancer, peripheral neuropathy, depres- 
sion, deep-vein thrombosis, weight gain, impotence, and 
rash while taking placebo. All these events, except for 
impotence, had been reported previously.° As discussed in 
this earlier report,’ conditions that are not uncommon 
must be expected to occur occasionally in a large patient 
population followed up for a long period of time. Thus, 
none of these single case events need be attributed to 


lovastatin. 
Because of early concerns that HMG CoA inhibitors 


might cause cataracts, ophthalmologic examinations 
have been an important part of the evaluation of the long- 
term safety of lovastatin. As of March 1988, when the 
average duration of therapy up to the latest available 
ophthalmologic examination was 19 months, the preva- 
lence of lens opacities had increased by 1.2% from a 
baseline prevalence of 35.2%. This increase, however, was 
less than the 2.5% increase in prevalence expected on the 
basis of the aging of the study population, as previously 
discussed.? These data, although reassuring, are not com- 
pelling because of the subjectivity of slit-lamp examina- 
tion for detecting small lens opacities,* and the lack of a 
control group. For example, because of this subjectivity, 
substantial but spurious shifts in prevalence have been 
noted in centers where new opthalmologists have as- 
sumed responsibility for the lens examinations. In studies 
initiated subsequently, these problems have been avoided 
by the inclusion of a control group and the use of more 
sophisticated quantitative techniques for assesssing the 
lens (see later). Nevertheless, this study has provided 
useful information on outcomes that are easier to assess 
and equally clinically relevant. First, no patient has been 
withdrawn from the study because of lens changes. Sec- 
ond, only 8 patients, all at least age 60 years, have re- 
quired cataract surgery; 6 of these subjects had lens opac- 
ities at baseline. Although there is no control group in this 
study, senile cataracts are a common occurrence in the 
general population, so that 8 patients (3.0 per thousand 
patient years) receiving cataract surgery is not unexpect- 
ed. Third, in addition to the patients who underwent 
cataract surgery, only 2 patients have experienced a de- 
crease in visual acuity of 2 lines or more (a 1-line change 
is within the margin of error of measurement) in associa- 
tion with a new lens opacity. Thus, while its limitations 
should be taken into account, this long-term, on-going 
study has provided no evidence for an effect of lovastatin 
on the human lens. Nevertheless, annual slit-lamp exami- 
nations are currently recommended.’ 

The interim results of this long-term study again con- 
firm the favorable adverse-effect profile of lovastatin; the 
2.3% drug-attributable discontinuation rate after a mean 
of 3.6 years of therapy is very low. Also, the study pro- 
vides no evidence for new adverse events appearing after 
prolonged use. Illingworth et al,'° who studied a group of 
patients treated for up to 5 years, reached a similar con- 
clusion. 


PRELIMINARY DATA FROM 48-WEEK STUDY 
Merck Sharp & Dohme Research Laboratories, in 
collaboration with 362 centers in the United States, has 





conducted a double-blind study in which 8,245 patients 
(who had total plasma cholesterol concentrations of 240 
to 300 mg/dl and were consuming lipid-lowering diets) 
were randomized to treatment for 48 weeks. The 5 treat- 
ment groups were assigned to receive either placebo or 
lovastatin in doses of 20 or 40 mg once daily, and 20 or 40 
mg twice daily, respectively. Approximately 1,600 pa- 
tients were randomized into each of the 5 groups and 
approximately 1,400 in each group completed the trial; 
the last patient completed the study in June 1989. Slit- 
lamp examinations were standardized using a new lens 
opacity rating system.'! This study will be reported in 
detail in the future. The following brief preliminary data 
on hepatic and muscle effects are provided: 

As of June 1989, the allocation code had not been 
unmasked for most patients. However, the treatment as- 
signments of patients who discontinued therapy prema- 
turely because of raised transaminases or myopathy have 
been unmasked, and limited preliminary data are avail- 
able. (The study protocol specified that all patients with 
transaminases increasing to >3 times the upper limit of 
normal, confirmed by a repeat measurement within 1 
week, were to be withdrawn from the trial.) Data from 
these patients are shown in Table III. (An additional 4 
patients had increased transaminases probably attribut- 
able to liver diseases—specifically, gallstones, primary 
biliary cirrhosis, and 2 cases of viral hepatitis.) Only 4 
cases of myopathy occurred, 3 in patients receiving lova- 
statin 40 mg twice daily. Myopathy is defined for this 
purpose as diffuse muscle pain or weakness, or both, not 
attributable to exercise and accompanied by an increase 
in creatine kinase to at least 10 times the upper limit of 
normal.3 (One of these episodes was coincident with 
acute cholecystitis and may have been precipitated by 
reduced bile flow impairing the elimination of lovastatin, 
which is excreted predominantly in the bile.'”) At 20 mg 
administered once daily, therapy in only 1 patient was 
discontinued because of raised transaminases, yielding 
the same incidence as in the placebo group. Even at the 
highest dose (40 mg twice daily) the incidence was only 
1.5%—below the figure of 1.9% previously reported in 
studies in high-risk patients with severe hypercholesterol- 
emia.?? In the long-term clinical study, as previously 
indicated, 9 of the 10 patients who discontinued therapy 
because of raised transaminases had values >3 times the 
upper limit of normal within 48 weeks of starting therapy 
with lovastatin. Similarly, in clinical trials, myopathy 
during therapy with lovastatin has usually occurred with- 
in 48 weeks of starting therapy, although some late-ap- 
pearing cases have been reported when gemfibrozil or 
niacin has been added to lovastatin therapy.’ To confirm 
that 48 weeks is long enough to capture most cases of 
raised transaminases, a subset of approximately 1,000 
patients in the 48-week study are continuing on the allo- 
cated medications for an additional 48 weeks. 

The dose-response relationships listed in Table III are 
particularly significant in light of the distribution of pre- 
scribed dosages in the United States. Currently, 67% of 
patients are taking 20 mg/day; 27%, 40 mg/day; 4%, 60 
mg/day; and 2%, 80 mg/day.* The preliminary data 
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TABLE Ill Preliminary Data on Patients Discontinuing 
Lovastatin Because of Raised Transaminases and Myopathy in 
48-Week Study (Approximately 1,500 Patients in Each 
Treatment Group) 


Raised Myopathy 


Treatment Transaminases (%) (%) 


2 (0.1)* 

1 (0.1) 
10 (0.7) 

9 (0.6) 
20 (1.5) 


Placebo 

Lovastatin (20 mg/day) 
Lovastatin (40 mg/day) 
Lovastatin (20 mg bid) 
Lovastatin (40 mg bid) 


* Values in parentheses indicate approximate incidence (%). 


from this study, therefore, indicate that the dose currently 
prescribed most often (20 mg/day) is associated, in typi- 
cal patients, with a risk of raised transaminases or myopa- 
thy estimated to be <1 in 1,000 in each case. (It is possi- 
ble that the incidence could be higher in patients with 
more complicated medical histories who were excluded 
from this study. Also, concomitant therapy with gemfi- 
brozil or niacin, or immunosuppressant therapy including 
cyclosporine, is known to increase the risk of myopathy 
substantially?; such therapy was excluded from the 
study.) Monitoring of liver function tests and advising 
patients to report muscle symptoms are recommended.’ 


ADVERSE EVENTS DURING PRESCRIPTION 
USE IN THE UNITED STATES 

Lovastatin has been available for prescription in the 
United States since September 1987. By June 1989, the 
drug had been prescribed for approximately 1 million 
patients. Spontaneous reports of adverse events provided 
by prescribing physicians or other health professionals 
have been carefully monitored to determine whether lo- 
vastatin is associated with rare adverse events not ob- 
served during clinical trials. Because it is impossible to 
know how many of the adverse effects that occurred are 
reported, the frequency of such events can be estimated 
only qualitatively. 

The most recent analysis of spontaneous reports of 
adverse events during prescription use is based on reports 
received by a cutoff date of February 28, 1989. Approxi- 
mately 900,000 patients had taken the drug up to this 
time. Of 13 deaths reported, 1 (discussed below) was 
thought to be drug related. Of the other deaths, 9 were 
caused by coronary heart disease (which must be expect- 
ed in the population being treated), 1 by a cerebrovascu- 
lar accident, 1 by leukemia and 1 by hepatic failure. This 
latter patient had undergone a bilateral nephrectomy due 
to polycystic kidney disease and had received multiple 
blood transfusions. Three weeks before the terminal ill- 
ness, she had received intravenous antibiotics for a febrile 
episode. Although drug toxicity cannot be ruled out as a 
cause of hepatic failure, the history suggests that non-A / 


*Joslyn A. Personal communication, 1989, based on unpublished 
Market Research Data from Pharmaceutical Data Services, Inc. 
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non-B hepatitis is more likely. The last case was a 65- 
year-old diabetic woman who experienced a frank rhab- 
domyolysis apparently caused by lovastatin, that precipi- 
tated acute renal failure. This patient, who had a history 
of depression, refused dialysis and consequently died. 
This case underscores the importance of physician and 
patient awareness of myopathy as an adverse effect of 
lovastatin; although rare, it can have serious sequelae. 
Most of the nonfatal adverse events reported had been 
observed previously in clinical trials or are so common in 
the general population as to make a causal relationship to 
the drug seem unlikely (e.g., alopecia and depression). As 
previously reported,’ there have been 10 reports of bleed- 
ing, increased prothrombin time, or both, in patients tak- 
ing warfarin. Whether these events are caused by the 
drug is not clear, but prothrombin time should be moni- 
tored carefully in patients taking coumarin anticoagulant 
therapy concomitantly with lovastatin. The only new ad- 
verse events that were not observed in clinical trials and 
that appear related to lovastatin are serious hypersensitiv- 
ity reactions and symptomatic hepatitis (as opposed to 
asymptomatic elevations of transaminases). As previous- 
ly indicated, rashes have been observed during clinical 
trials with lovastatin and have occasionally required dis- 
continuation of drug, but there have also been spontane- 
ous reports of more serious hypersensitivity reactions dur- 
ing prescription use. These cases have had varying pre- 
sentations, including anaphylaxis, arthralgia, lupus-like 
syndrome, angioedema, urticaria, hemolytic anemia, leu- 
kopenia and thrombocytopenia. Of these cases, 25 were 
considered serious, but all patients recovered after stop- 
ping lovastatin therapy. Although not all the cases were 
necessarily caused by lovastatin, a causal relationship 
with the drug is likely in at least some instances. Symp- 
tomatic hepatitis has also been reported. Of these cases, 8 
to 21 (depending on the judgment of individual review- 
ers) were not associated with underlying liver disease or 
prescription of other drugs known to be hepatotoxic. 
Jaundice occurred in 4 of these patients, but all recovered 
or were in the process of recovery after lovastatin therapy 
was stopped. The liver function data in most of these 
reports are fragmentary, but it appears that both hepato- 
cellular and cholestatic forms of hepatitis were observed. 
As with the hypersensitivity reactions, at least some of 
these 8 to 21 cases are believed to have occurred as the 
result of therapy with lovastatin. For both the serious 
hypersensitivity reactions and hepatitis, the number of 
reported cases is very low in relation to the very large 
number of patients taking the drug; this observation, 
combined with the fact that neither adverse effect was 
observed during the 48-week study in which more than 
6,000 patients took lovastatin, indicates that the risk of 
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both reactions is very low—certainly much less than 1 in 
1,000. 

Reports of myopathy occurring during prescription 
use of lovastatin have confirmed the findings of clinical 
trials; i.e., myopathy is clearly associated with concomi- 
tant gemfibrozil therapy, and less often with niacin or 
immunosuppressive therapy. In addition, as would be ex- 
pected, the risk of myopathy appears to be greater when 
higher dosages of lovastatin are prescribed. There is also 
some evidence that patients with complicated medical 
histories may be at somewhat greater risk of developing 
myopathy. 


CONCLUSIONS 

Substantial experience in both clinical trials and pre- 
scription use has confirmed that lovastatin has a very 
satisfactory adverse-effect profile. The most important 
adverse events continue to be asymptomatic elevation of 
transaminases and myopathy, but new data reported 
herein indicate that the incidence of both events in typical 
patients is lower than previously reported in studies on 
high-risk patients with severe hypercholesterolemia. In 
typical patients taking lovastatin 20 mg once per day (the 
dose currently prescribed for approximately two-thirds of 
patients in routine clinical practice), the incidence of drug 
discontinuation due to raised transaminases or myopathy 
appears to be <0.1%. 
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Clinical Benefits and Cost-Effectiveness of 
Lowering Serum Cholesterol Levels: 
The Case of Simvastatin and Cholestyramine 
in The Netherlands 


Leon L. Martens, MA, Frans F.H. Rutten, PhD, D. William Erkelens, PhD, 
and Carl A.P.L. Ascoop, PhD 


To assess the cost-effectiveness of cholesterol-re- 
ducing therapy with cholestyramine and simvasta- 
tin in the primary prevention of coronary artery 
disease in The Netherlands, a model of coronary 
artery disease incidence was used based on multi- 
variate logistic risk functions from the Framingham 
study. For men with initial cholesterol levels of 8 
mmol/liter, the cost per year of life saved of choles- 
tyramine, expressed in Dutch guilders (NLG; 1 
NLG = $0.50), ranges from approximately NLG 
208,000 to NLG 483,000, depending on the pa- 
tient’s age at initiation of therapy. For simvastatin, 
cost-effectiveness ranges from NLG 46,000 to 
NLG 98,000 per year of life saved among this 
group of men. Similar differences between simvas- 
tatin and cholestyramine therapy prevail among 
women, although the costs per year of life saved 
for both agents are considerably higher. These re- 
sults suggest that (1) simvastatin is substantially 
more cost effective than is cholestyramine; (2) sim- 
vastatin therapy compares favorably with other 
generally accepted medical practices, especially if 
treatment is initiated at an early age; and (3) as its 
long-term safety record becomes more established, 
simvastatin may become accepted as a drug of first 
choice in the treatment of persons with elevated se- 
rum cholesterol levels. 

(Am J Cardiol 1990;65:27F -—32F) 
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Primary Prevention Trial! and the Helsinki Heart 
Study’ provide strong evidence of the efficacy of 

cholesterol-reducing therapy in the primary prevention of 
coronary artery disease (CAD). 

Hydroxymethylglutaryl coenzyme A (HMG CoA) 
reductase inhibitors (lovastatin, simvastatin and prava- 
statin) are a new group of pharmacologic agents that 
produce dose-related reduction of serum cholesterol lev- 
els through inhibition of HMG CoA reductase, the rate- 
limiting enzyme of cholesterol synthesis. Recent clinical 
studies suggest that these agents may be more effective in 
lowering serum cholesterol levels and may be associated 
with fewer side effects than are older medications.*-+ The 
HMG CoA reductase inhibitors may, therefore, repre- 
sent a significant advance in the treatment of elevated 
cholesterol levels and the prevention of CAD. 

Cholestyramine has been the leading lipid-lowering 
agent in The Netherlands for many years and has been 
recommended by the Dutch Cholesterol Consensus Con- 
ference of March 1987 as the drug of first choice in the 
treatment of elevated serum cholesterol levels. Since 
simvastatin became available in The Netherlands in Jan- 
uary 1989, a reevaluation of the recommended treatment 
for patients with hypercholesterolemia is in order. Thus, 
in the present study, we assessed the clinical benefits and 
cost-effectiveness of simvastatin and cholestyramine* in 
preventing CAD among men and women with elevated 
serum cholesterol levels. 


JE Primes from the Lipid Research Clinics Coronary 


METHODS 

General model: To estimate the clinical benefits and 
cost-effectiveness of the 2 drugs, we first developed a 
model of coronary disease incidence and mortality in each 
future year of life among cohorts of persons of any given 
age, sex and cholesterol level. Combining this model with 
data on the effectiveness and cost of cholesterol-reducing 
therapy, as well as data on the cost of treating symptom- 
atic CAD, we estimated the changes in lifetime CAD 
risk, life expectancy, and future medical care costs for 
given pretreatment cholesterol levels. 

We calculated the cost-effectiveness of cholesterol- 
reducing therapy as the ratio of the net treatment costs 


*Fibrates are only prescribed for combined hyperlipoproteinemias 
in The Netherlands, so we did not compare simvastatin with a fibrate. 
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40-Year Risk per 1000 


Serum Cholesterol at Age 35 (mmol/L) 


(i.e., cost of therapy minus any savings in the cost of 
treating symptomatic CAD) to the net change in life 
expectancy due to therapy. The net change in life expec- 
tancy for a cohort of any given age and gender was 
calculated as the discounted sum of the changes in the 
proportion of persons remaining alive in each future year 
due to therapy. The net change in medical care costs was 
calculated similarly, as the discounted sum of the changes 
in annual medical care costs in each future year of life. 
Changes in life expectancy and treatment costs were dis- 
counted at a 5% annual rate. All costs were adjusted to 
reflect 1988 price levels. 

A detailed description of this model, which is based on 
multivariate logistic risk functions from the Framingham 
Heart Study, can be found elsewhere.® 

Effectiveness of cholesterol-reducing therapy: The 
reduction in serum cholesterol levels that would be 
achieved by cholestyramine therapy was estimated using 
the dose-response relationship between total serum cho- 
lesterol and the daily intake of packets of cholestyramine 
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FIGURE 1. Forty-year risk of developing cor- 
onary artery disease, by cholesterol level at 
age 35 years, for Dutch men. 


reported in the Lipid Research Clinics study.!” We esti- 
mated that 3 packets of cholestyramine per day would 
lower serum cholesterol by 6.2%, calculating this change 
as a reduction from on-diet baseline cholesterol levels. 
Based on the multicenter studies cited in the Marketing 
Authorization Application for Zocor®, we assumed that 
patients receiving one 20-mg tablet of simvastatin daily 
would have a 27% reduction from on-diet cholesterol 
levels.’ 

Cost of cholesterol-reducing therapy: According to 
the guidelines of the Dutch Cholesterol Consensus Con- 
ference,’ dietary therapy should be prescribed for persons 
with serum cholesterol levels >6.5 mmol/liter. Treat- 
ment with a cholesterol-reducing medication should be 
initiated if, despite several months of dietary intervention, 
serum cholesterol remains >8 mmol/liter. We assumed 
that patients receiving a cholesterol-reducing diet would 
see their physicians twice each year and that, in order to 
monitor the effectiveness of therapy, cholesterol levels 
would be measured at each visit. We also assumed that 


Baseline Risk 
Cholestyramine 


FIGURE 2. Forty-year risk of developing cor- 
onary artery disease, by cholesterol level at 
age 35, for Dutch women. 





patients receiving hypolipidemic medications would visit 
their physicians 4 times per year to obtain new prescrip- 
tions, but that cholesterol measurement would be per- 
formed at only 2 of these visits. The marginal cost of 
cholesterol-reducing medication therefore consists of the 
drug cost, 2 additional physician visits, and, if applicable, 
the cost of monitoring for possible adverse effects of ther- 
apy. 

We assumed that cholestyramine-treated patients 
would receive a typical regimen of 4-g packets 3 times per 
day; this regimen was based on the average prescribed 
dose of cholestyramine in The Netherlands according to 
International Marketing Statistics data (diagnostic in- 
dex). Therefore, the total annual cost of adding therapy 
with cholestyramine to dietary therapy was estimated to 
be NLG 1,668.66 (1 NLG = $0.50). 

Also, hypercholesterolemic patients who did not re- 
spond to diet and were eligible for simvastatin therapy 
were considered to receive a typical regimen of one 20-mg 
tablet of the drug each day. Furthermore, these patients 
would require additional laboratory testing to monitor 
liver function.* Therefore the total annual cost of therapy 
with simvastatin (added to dietary therapy) was estimat- 
ed to be NLG 1,398.80. 


RESULTS 

Reduction in coronary artery disease risk: Estimates 
of the 40-year risk of CAD as a function of total serum 
cholesterol at age 35 are presented in Figures | and 2 for 
men and women, respectively. The baseline CAD risk is 
reported, as is the 40-year risk after initiation of choles- 
terol-reducing therapy with either cholestyramine or sim- 
vastatin at age 35. For both men and women at any serum 
cholesterol level, the reduction in CAD risk resulting 
from simvastatin therapy is substantially higher than that 
from therapy with cholestyramine. For instance, of 1,000 
men with a serum cholesterol 8 mmol/liter at age 35, 505 
will have a manifestation of CAD before age 75. Onset of 
CAD will be prevented among 38 of these men with 
cholestyramine therapy and among 151 men with simvas- 
tatin therapy. Both figures show that the benefits of cho- 
lesterol-reducing therapy increase, in both an absolute 
and a relative sense, as pretreatment cholesterol levels 
increase. 

The average serum cholesterol level of 35-year-old 
Dutch men is approximately 5.5 mmol/liter. The results 
in Figure 1 show that almost 1 of every three 35-year-old 
Dutch men will experience some manifestation of CAD 
before age 75. The CAD risk among women is approxi- 
mately two-thirds that of men with the same cholesterol 
level. Even after a 27% cholesterol reduction at age 35, 
the 40-year CAD risk among men remains >10% higher 
than that among women who have the same initial choles- 
terol level but are not subjected to cholesterol-reducing 
therapy. 


*Further clinical studies have shown annual ophthalmic examina- 
tions to monitor the development of lens opacities to be superfluous. 
Hence, the recommendation to perform them has been deleted from the 
manufacturer’s International Physician’s Circular. 
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TABLE I Increase in Life Expectancy (Years) for Simvastatin 
and Cholestyramine Therapy Among Men and Women, by 
Cholesterol Level and Age at Initiation of Therapy 


Increase in Life Expectancy (Years) by Cholesterol 
Level at Initiation of Therapy for Simvastatin / 
Age at Cholestyramine 
Initiation 
of Therapy 9 mmol /liter 


7 mmol /liter 8 mmol/liter 


2.44/0.67 
1.92/0.52 
1.41 /0.38 
0.94/0.25 
0.56/0.15 
0.30/0.08 
0.14/0.04 
0.04/0.01 


1.23/ 0.33 
1.00/ 0.27 
0.77/ 0.20 
0.54/ 0.14 
0.33/ 0.09 
0.18/ 0.05 
0.08/ 0.02 
0.03/<0.01 


1.75/ 0.48 
1.40/ 0.38 
1.05/ 0.28 
0.72/ 0.19 
0.44/ 0.11 
0.24/ 0.06 
0.11/ 0.03 
0.03/<0.01 


0.53/0.14 
0.48/0.13 
0.41/0.12 
0.32/0.09 
0.24/0.06 
0.16/0.04 
0.10/0.02 
0.04/0.01 


0.77/0.21 
0.68/0.19 
0.57 /0.15 
0.44/0.12 
0.32/0.09 
0.21 /0.06 
0.12/0.03 
0.05/0.01 


1.09/0.31 
0.95 /0.27 
0.78/0.22 
0.60/0.16 
0.43/0.11 
0.28/0.07 
0.16/0.04 
0.06 /0.02 


7 mmol/liter = 271 mg/dl; 8 mmol/liter = 310 mg/dl; 9 mmol/liter = 348 mg/dl. 


Increase in life expectancy due to therapy: Table I 
lists undiscounted estimates for men and women of the 
increase in life expectancy with simvastatin and cholesty- 
ramine therapy by cholesterol level and age at onset of 
therapy. At all ages among both men and women, the 
gains in life expectancy with simvastatin are >3 times 
those with cholestyramine. For example, cholesterol-re- 
ducing therapy with simvastatin begun in 35-year-old 
men with initial cholesterol levels of 8 mmol/liter in- 
creases life expectancy by 1.75 years, whereas the gain in 
life expectancy from therapy with cholestyramine in a 
similar group of men is 0.48 years. 

The gains in life expectancy for both simvastatin and 
cholestyramine increase with increasing pretreatment 
cholesterol levels. For example, for simvastatin therapy 
among men aged 35 years, the gain in life expectancy for 
those with pretreatment cholesterol levels of 9 mmol/liter 
is twice that for those with pretreatment cholesterol levels 
of 7 mmol/liter (2.44 vs 1.23 years). 

For men and women at all pretreatment cholesterol 
levels, the gains in life expectancy for both therapies 
decrease as age at initiation of therapy increases. Among 
men with pretreatment cholesterol levels of 9 mmol/liter, 
e.g., Simvastatin therapy begun at age 55 years produces 
one-fourth of the gain in life expectancy that would be 
achieved by starting therapy at age 35 years (0.56 vs 
2.44). 

Finally, for both simvastatin and cholestyramine, the 
gains in life expectancy among women are substantially 
lower than those among men for all pretreatment choles- 
terol levels and for all ages up to approximately 55 years. 
For example, simvastatin therapy begun at age 35 years 
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TABLE Il Increase in Years of Life Free of Coronary Artery 
Disease for Simvastatin and Cholestyramine Therapy Among 
Men and Women, by Cholesterol Level and Age at Initiation of 
Therapy 


Increase in Years of Life Free of Coronary Artery 
Disease by Cholesterol Level at Initiation of 
Age at Therapy for Simvastatin /Cholestyramine 
Initiation 


of Therapy 7 mmol/liter 8 mmol /liter 9 mmol /liter 


0.62 
0.52 
0.41 
0.29 
0.18 


3.21/ 0.88 
2.66/ 0.72 
2.07/ 0.55 
1.46/ 0.38 
0.91/ 0.23 
0.47/ 0.12 
0.18/ 0.05 
0.03/<0.01 


1.18 
0.95 
0.71 
0.49 
0.29 


2.31/ 
1.94/ 
1.54/ 
1.11/ 
0.71/ 
0.37/ 0.09 
0.14/ 0.04 
0.03/<0.01 


4.31/ 
3.51/ 
2.68 / 
1.86 / 
1.14/ 
0.58/ 0.15 
0.22/ 0.06 
0.04/<0.01 


0.90/ 0.23 
0.82/ 0.21 
0.70/ 0.18 
0.56/ 0.14 
0.40/ 0.10 
0.24/ 0.06 


1.19/ 0.31 
1.07/ 0.28 
0.91/ 0.24 
0.72/ 0.18 
0.51/ 0.13 
0.31/ 0.08 
0.11/ 0.03 0.14/ 0.04 0.17/ 0.04 
0.02/<0.01 0.03/<0.01 0.04/<0.01 


7 mmol/liter = 271 mg/dl; 8 mmol/liter = 310 mg/dl; 9 mmol/liter = 348 mg/dl. 


1.53/ 0.40 
1.38/ 0.36 
1.16/ 0.30 
0.91/ 0.24 
0.64/ 0.16 
0.38/ 0.10 


among persons with pretreatment cholesterol levels of 8 
mmol/liter results in a gain in life expectancy of 0.77 
years for women compared with 1.75 years for men. 


Therapy begun between the ages of 60 and 70 years, 
however, yields similar results in life expectancy for men 
and women. 

Increase in expected years of life free of coronary 
artery disease due to therapy: Table II reports undis- 
counted estimates for men and women of the gains in 
years of life free of CAD with simvastatin and cholestyra- 
mine therapy. The years of life gained free of CAD from 
either therapy are, for men and women of all ages and 
pretreatment cholesterol levels, considerably higher than 
the reported gains in life expectancy. Also, at all ages 
among both men and women, the gains in years of life 
free of CAD with simvastatin are almost >4 times those 
with cholestyramine. 

The gains in expected years of life free of CAD for 
both therapies increase with increasing pretreatment cho- 
lesterol levels. For example, among men aged 35 years 
starting simvastatin therapy, the gain in number of years 
of life free of CAD for those with pretreatment cholester- 
ol levels of 9 mmol/liter is almost twice that of those with 
pretreatment cholesterol levels of 7 mmol/liter (4.31 vs 
2.31 years). 

For men and women at all pretreatment cholesterol 
levels, the gain in years of life free of CAD with both 
simvastatin and cholestyramine decreases as age at initia- 
tion of therapy increases. Among men with pretreatment 
cholesterol levels of 9 mmol/liter, e.g., simvastatin thera- 
py begun at age 55 years produces one-fourth of the gain 
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in life expectancy that would be achieved by starting 
therapy at age 35 years (1.14 vs 4.31). 

For both therapies, the estimated gains in years of life 
free of CAD among women are substantially lower than 
those among men, for all pretreatment cholesterol levels 
and for all ages up to approximately 60 years. For exam- 
ple, simvastatin therapy begun at age 35 years among 
persons with pretreatment cholesterol levels of 8 mmol/ 
liter results in a gain in years of life free from CAD of 
1.19 years for women compared with 3.21 years for men. 
Therapy begun between the ages of 65 and 70 years, 
however, yields similar results in life expectancy for men 
and women. 

Cost-effectiveness of therapy: Figure 3 represents 
cost-effectiveness ratios (i.e., net direct costs per year of 
life saved) for cholestyramine and simvastatin for Dutch 
men between the ages of 35 and 60 years at initiation of 
therapy with pretreatment cholesterol levels of 7, 8 and 9 
mmol/liter. Simvastatin is substantially more cost-effec- 
tive in the treatment of elevated serum cholesterol than is 
cholestyramine. For men with initial cholesterol levels of 
8 mmol/liter, the cost-effectiveness of cholestyramine 
ranges from approximately NLG 208,000 to NLG 
483,000 per year of life saved, depending on age at initia- 
tion of therapy. For a similar group of men treated with 
simvastatin, cost-effectiveness ranges from NLG 46,000 
to NLG 98,000 per year of life saved. 

Figure 4 presents cost-effectiveness ratios for women. 
Although the cost-effectiveness of both agents is consid- 
erably less among women, simvastatin continues to be 
more cost-effective than cholestyramine. For example, 
among 50-year-old women with cholesterol levels of 8 
mmol/liter, simvastatin therapy increases life expectancy 
at a cost of approximately NLG 128,000 per year of life 
saved, whereas the corresponding figure for cholestyra- 
mine is NLG 581,000. 

Costs per year of life saved for both simvastatin and 
cholestyramine are substantially lower for persons with 
higher pretreatment levels of cholesterol. For a 40-year- 
old man with an initial cholesterol level of 7 mmol/liter, 
e.g., therapy with simvastatin increases life expectancy at 
a cost of approximately NLG 70,000 per year. The cost 
per year of life saved among those with an initial choles- 
terol level of 9 mmol/liter is NLG 30,000, however. 

Cholesterol-reducing therapy in men is most cost-ef- 
fective when initiated at an early age. For both simvasta- 
tin and cholestyramine, the cost per year of life saved is 
approximately twice as high when therapy is initiated at 
age 60 rather than at age 35 years. 

Although therapy for women is most cost-effective 
when initiated between the ages of 45 and 55 years, the 
cost per year of life saved does not vary substantially 
when therapy is started between the ages of 35 and 60 
years. For women with an initial cholesterol level of 8 
mmol/liter, the cost per year of life saved ranges from 
NLG 128,000 to NLG 162,000. 


CONCLUSION 
Using a model of the incidence and prevalence of 
CAD in The Netherlands based on logistic risk functions 





FIGURE 3. Cost-effectiveness of 
cholesterol-reducing therapy with 
simvastatin vs cholestyramine, by 
cholesterol level and age at initia- 
tion of therapy, among Dutch men. 
(1 NLG = $0.50.) 


Net Direct Cost Per Life Year Gained 
(NLG 1000) 


from the Framingham study, we have assessed the cost- 
effectiveness of cholesterol-reducing therapy with sim- 
vastatin and cholestyramine. Our results indicate that 
therapy with simvastatin is both substantially more effec- 
tive and less expensive than therapy with cholestyramine. 
Although cholestyramine is not well tolerated by many 
patients, its long-term safety has been established by the 
Lipid Research Clinics Coronary Primary Prevention 
Trial.! When, in the course of time, the long-term safety 
of simvastatin becomes increasingly established, this 
agent may be accepted as a drug of first choice in the 
treatment of persons with elevated serum cholesterol 
levels. 

Our results indicate that the cost per year of life saved 
among men rapidly increases when therapy is initiated at 
a later age. The identification of hypercholesterolemia 
and the subsequent initiation of treatment should, there- 
fore, be accomplished at an early age. For women, the 


FIGURE 4. Cost-effectiveness of 
cholesterol-reducing therapy with 
simvastatin vs cholestyramine, by 
cholesterol level and age at initia- 
tion of therapy, among Dutch wom- 
en. (1 NLG = $0.50.) 


Net Direct Cost Per Life Year Gained 
(NLG 1000) 
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cost per year of life saved does not vary substantially with 
age when therapy is started between the ages of 35 and 60 
years. 

Our results confirm an inverse relation between the 
cost per year of life saved and the pretreatment cholester- 
ol level, which provides an economic rationale for the 
Dutch Cholesterol Consensus Conference’s recommen- 
dation to initiate drug treatment only above a certain 
level. From a clinical point of view, it is rational to de- 
crease cholesterol levels in the entire population, since the 
relation between serum cholesterol and CAD mortality is 
continuous and graded.’ Costs per year of life saved in- 
crease rapidly, however, with decreasing pretreatment 
cholesterol levels. ' 

According to the guidelines of the Dutch Cholesterol 
Consensus Conference, drug treatment should be initiat- 
ed when serum cholesterol levels remain >8 mmol/liter 
after several months of diet. When therapy is begun in 40- 





Initial 
Cholesterol 
(mmol/L) 


Cholestyramine 


Simvastatin 


45 50 


Age (Years) At Initiation of Therapy 


. MARCH 20,1990 31F 





A SYMPOSIUM: EVOLVING ISSUES IN THE TREATMENT OF HYPERCHOLESTEROLEMIA 


year-old men and 50-year-old women who have a pre- 
treatment cholesterol level of 8 mmol/liter, cholestyra- 
mine increases life expectancy at a cost per year of life 
saved of NLG 210,000 and NLG 581,000, respectively. 
These cost-effectiveness ratios compare highly unfavor- 
ably with those of other health care programs in The 
Netherlands, such as screening for breast cancer,!° intra- 
coronary thrombolysis,'! screening for cervical cancer,! 
heart transplantation,'* the end-stage renal disease pro- 
gram!‘ and liver transplantation,'° the cost-effectiveness 
ratios of which are approximately NLG 10,000, NLG 
8,000 to 25,000 (anterior and inferior infarction, respec- 
tively), NLG 24,000, NLG 52,000, NLG 54,000, and 
NLG 47,000 to 133,000. When therapy is begun among 
40-year-old men with cholesterol levels of =8 mmol/liter, 
simvastatin gains life years at a cost of <NLG 46,000, 
which is well within the range of cost-effectiveness ratios 
of the aforementioned medical practices. 

The cost per year of life saved with simvastatin thera- 
py among women with a serum cholesterol level of 8 
mmol/liter ranges from NLG 128,000 to NLG 162,000, 
depending on the age at which therapy is begun. These 
cost-effectiveness ratios compare unfavorably with those 
of the above-mentioned health care interventions in The 
Netherlands. Based on further analysis (which will not be 
presented in this report but is available from us on re- 
quest), we recommend that cholesterol-reducing therapy 
for women in The Netherlands be limited to those with 
diabetes mellitus or severely elevated serum cholesterol 
levels. 

Our results and conclusions have been obtained and 
inferred in the context of the Dutch health care system. 
Analysis has shown that the costs per year of life saved 
are very sensitive to the price of the drugs under consider- 
ation. Drug prices vary between countries, and so will the 
resulting cost-effectiveness ratios. Similarly, our conclu- 
sion that cholesterol reduction among women should be 
limited to those with diabetes mellitus or severely elevat- 
ed cholesterol levels does not necessarily hold in countries 
other than The Netherlands. 

We must also emphasize some of the methodologic 
limitations of our study. First, in estimating the benefits 
of cholesterol reduction, our study assumes that, after a 2- 
year time lag from the initiation of therapy in which no 
benefits are achieved, the CAD risk in persons whose 
cholesterol level has been lowered equals that of persons 
with naturally occurring lower cholesterol levels. Al- 
though preliminary calculations have shown that using 
Framingham risk functions under this assumption does 
not overestimate the benefits of cholesterol reduction, 
further analysis needs to be done. 

Furthermore, the numbers presented in this report 
may underestimate the benefits and cost-effectiveness of 
cholesterol reduction. Serum cholesterol levels in persons 
show a considerable variation around an average level 
due to intraindividual biologic variations. The analytic 
variations in laboratory determinations of serum choles- 
terol further increase the variance in serum cholesterol 
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values. The Dutch Cholesterol Consensus Conference, 
therefore, has advised clinicians to base their decision on 
whether to start cholesterol-reducing therapy on the aver- 
age of 3 cholesterol determinations, which should be per- 
formed with several weeks between them.° The risk func- 
tions from the Framingham Heart Study, however, are 
based on a single cholesterol measurement, and, there- 
fore, are likely to underestimate the relation between 
CAD incidence and a serum cholesterol level which is the 
average of 3 measurements. In the near future, we will 
report on algorithms we are currently developing to cor- 
rect the logistic risk functions for the error in cholesterol 
measurement. 
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Can Atherosclerotic Plaques Regress? 
Anatomic and Biochemical Evidence 
from Nonhuman Animal Models 


Robert W. Wissler, PhD, MD, and Dragoslava Vesselinovitch, DVM, MS 


For at least 60 years, spotty and poorly document- 
ed evidence has suggested that atherosclerotic dis- 
ease in humans might be reversible. Little direct ev- 
idence was available until researchers demon- 
strated that rather advanced atherosclerotic lesions 
in experimental animals could show marked im- 
provement after blood-lipid-reducing regimens that 
were often combined with other measures, such as 
increased ambient oxygen and estradiol therapy. In 
fact, this combination was used in this laboratory 
to produce one of the first effective regression 
studies in the rabbit model. In more recent studies 
in this laboratory, abundant evidence has been ob- 
tained that the advanced, eccentric, largely intimal 
lesions produced in the rhesus monkey are sub- 
stantially reversible, and the much more inflamma- 
tory, concentric, and often transmural atheroarteri- 
tis induced by the same atherogenic ration in the 
cynomolgus monkeys is much more resistant to ef- 
fective and beneficial regression. This unusual re- 
action appears to be due to the circulating immune 
complexes that participate in the pathogenesis of 
atherosclerosis in these cynomolgus monkeys, as 
well as possibly in a number of humans. The evi- 
dence for this phenomenon, as well as the varying 
effects of the lesions induced with contrasting food 
fats, is summarized in this presentation. Some of 
the time-related effects of varying interventions 
when the lesions are studied at 4-month intervals in 
rhesus and cynomolgus monkeys are also dis- 
cussed. Other factors that may influence regression 
are also considered. 

(Am J Cardiol 1990;65:33F —40F) 
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Ithough several reports issued between 1927 
Ak 1950 indicated that atherosclerosis or its clini- 

cal manifestations could be ameliorated after pe- 
riods of severe nutritional deprivation, the majority of 
these studies were flawed.! Most of the studies had longi- 
tudinal designs, subjective and nonquantitative end 
points, and failure to differentiate beneficial changes in 
arterial plaques from changes in the blood that might 
decrease platelet and fibrin participation in thrombosis. 
Therefore, the decreases in ischemic brain strokes and 
heart attack rates may have been the result of regression 
of atherosclerosis or a decrease in the clinical effects of 
atherosclerosis. 

Animal models of atherosclerosis began to attract at- 
tention in the first 2 decades of this century?” with the 
pioneering investigations of the role of protein in athero- 
genesis in the rabbit, which, interestingly, turned into an 
investigation of the role of dietary cholesterol. 

This model of atherosclerosis produced in the choles- 
terol-fed rabbit was often used in the next 50 or more 
years for investigations of the effects of intervention.’ 
Unfortunately, these attempts were largely unsuccessful 
with regard to regression of preexisting lesions, probably 
due to the large stores of cholesterol that the rabbit builds 
up in its reticuloendothelial system. Subsequent reports 
indicated that if the ambient oxygen in the atmosphere is 
increased, rabbit lesions may be decreased or reversed.’ 
Furthermore, increased ambient oxygen in combination 
with other agents that lower blood lipids (cholesterol) was 
found to produce highly significant regression of well- 
established and severe atherosclerotic lesions in rabbits.” 


STUDIES IN NONHUMAN PRIMATES 

This work, plus a remarkably positive paper reporting 
regression of advanced canine atherosclerosis by lipid- 
reducing (cholesterol-reducing) nutritional regimens,” 
set the stage for the first definitive regression study in 
nonhuman primates. 

In several reports beginning in 1970, Armstrong et 
al!° found that they could produce a very large increase in 
lumen diameter (size) of coronary arteries in severely 
atherosclerotic rhesus monkeys by a relatively simple, but 
sustained, shift of diets. They reported that when they 
changed the diets of these monkeys—from the high-fat, 
high-cholesterol diet they had used to produce the dis- 
ease, to one low in fat and containing almost no cholester- 
ol, with or without a substantial content of polyunsaturat- 
ed fatty acids (corn oil)—the 260% stenosis of all the 
major coronary arteries was consistently reduced by al- 
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TABLE I Regression Studies In Rhesus Monkeys 


Induction Diet 
(Period in Months) 


Investigators 
(Year) 


Armstrong et al Egg yolk and cholesterol (17) 
(1970, 1972) 
Tucker et al 
(1971, 1974) 
Stary (1972, 1973) 


DePalma et al (1972) 


Butter, beef, tallow and choles- 
terol (3) 

Butter and cholesterol (3) 

Coconut oil, butter and choles- 
terol (14) 

Coconut oil, butter and choles- 
terol (18) 

Butter, beef, tallow and choles- 
terol (3) 

Lard and cholesterol (19) 


Vesselinovitch et al, 
(1973, 1975) 
Kokatnur (1975) 


Wagner et al 
(1975, 1976, 1980) 
Chakravarti et al Peanut oil and adrenaline HCI 
(1977) (5) 
Vesselinovitch and Wissler Peanut oil and cholesterol (12) 
(1978, 1980, 1982) 


Weber et al Coconut oil and cholesterol 
1977 (12) 

DePalma et al Egg yolk, sucrose, and choles- 
(1980) terol (24) 

Mostofi and Goepp Peanut oil and cholesterol (14) 
(1981) 

Clarkson et al 
(1981) 

Wissler and Vesselinovitch 
(1983) 


SC = Diet adjusted to yield serum cholesterol at given constant level. 
Adapted with permission from Wissler and Vesselinovitch.2° 


Lard and cholesterol (19) 


Coconut oil, butter and choles- 
terol (12) 


most two thirds, to a stenosis of <25%. They also reported 
biochemical data indicating that the greatest reduction in 
the lipid components of the lesions was in the cholesteryl 
esters'' and that both collagen and elastin gradually de- 
creased as the lesions became smaller.! 

After this work, many additional studies (Table I) 
used the rhesus monkey that Taylor et al!3-!6 had studied 
and reported on in 1962 and 1963. The impressive fea- 
tures of this model that have led to its widespread use for 
atherosclerosis research are the remarkable resemblance 
of its lesions to human plaques grossly, topographically, 
microscopically, morphometrically, and in terms of clini- 
cal complications. 

The evidence of regression reported by Armstrong 
and co-workers'’-'? was especially well illustrated by 
their photomicrographs. These show that the lesion com- 
ponents were remarkably altered, with a marked decrease 
in the lipid-rich necrotic cores—the intracellular and ex- 
tracellular lipids surrounding the atheroma, including the 
monocyte-derived macrophage foam cells. 

In general, the many other regression studies using 
rhesus monkeys (Table I) have confirmed and extended 
these observations.”° Furthermore, these studies demon- 
strated that, without exception, this remarkably human- 
oid animal model consistently shows improvement in ath- 
erosclerotic lesions regardless of the type of therapy, 
method of evaluating lesion improvement or stage of dis- 
ease. 

Thus far, the only variables we have found to have a 
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Lesion 
Severity 


Regression Diet 
(Period in Months) 


Regression 
Response 


Low fat or corn oil (40) 3+ improved 


Chow (3-13) 1+ improved 

Low-fat basal (1, 3, 10) 

Chow or chow and biliary di- 
version (9) 

Low fat (corn oil) (18) 


3+ improved 
3+ improved 


3+ improved 


Chow (8 and 13) 1+ improved 
SC 300 mg/dl 
SC 200 mg/dl (24) 
Safflower oil (5) 
Low fat (5) 

Low fat, low calories (5) 
“Prudent” diet of corn oil and 
cholestyramine + athero- 

genic diet (12) 

"Prudent" diet and cholestyra- 
mine (12) 

Atherogenic diet and choles- 
tyramine (21) 

‘‘Prudent”’ diet and cholestyra- 
mine (14) 

SC 300 mg/dl (24, 48) 

SC 200 mg/dl (24, 48) 

Atherogenic diet and choles- 
tyramine and probucol (12) 


1+ improved 
2+ improved 
3+ improved 
1+ improved 
2+ improved 
2+ improved 


2+ improved 
2+ improved 
2+ improved 


1+ improved 
2+ improved 
2+ improved 


definite influence on regression are the type of food fat 
used to produce the plaque,”! the involvement of the 
artery wall in an inflammatory process,??? and the de- 
gree of increase in cholesterol turnover used to induce 
regression.** 

Our studies have concentrated on the combined use of 
cholesterol-reducing diets and lipid-reducing drugs. Our 
results, which have been published in many reports, have 
indicated that substantial regression can be documented, 
regardless of whether one measures these effects gross- 
ly, by micropoint-counting methods,”° by microcom- 
puter-assisted digitizer morphometry,”’ or by biochemi- 
cal and isotopic tracers.” The findings have also indicat- 
ed that the total body cholesterol load is remarkably 
reduced using these therapeutic approaches. In some of 
the experiments, isotopic labels were used to study the 
lability of the collagen, elastin and cholesterol in the 
lesion. 

We conducted 9 regression studies using the rhesus 
monkey model (Table II), and some in which responses in 
this model were compared with those in cynomolgus and 
stump tail monkeys. In several instances, different meth- 
ods of induction and different methods of intervention 
were compared. Also, several of the studies were planned 
and conducted so that many of the biochemical and mor- 
phologic features could be measured quantitatively at 4- 
month intervals during the genesis and the treatment of 
the atherosclerotic lesions. 

Figure 1 (a, b and c) presents the most common exper- 





imental designs followed in these studies. Reference 
groups were evaluated at the beginnings of intervention 
and at the conclusions of the studies to facilitate compari- 
sons of many features of the lesions before and after 
treatment. The use of reference groups made it possible to 
measure the effects of therapy on lesion size and lesion 
components. 

In general, the results of all these studies indicate that 
animals treated with cholestyramine in addition to a very 
low fat, low-cholesterol ration show approximately 2 
times more improvement in their aorta and coronary 
artery atherosclerosis (with regard to factors such as le- 
sion size, lesion thickness, and loss of lipid from the 
plaques) compared with animals treated with the thera- 
peutic dietary regimen alone (Fig. 1a). 

Table III summarizes the results of the measurements 
of aortic lesion size, as recorded in 3 consecutive male 
rhesus monkey studies using a modification of the meth- 
od of Howard.’* In these 3 experiments, the conditions of 
induction and therapy were very similar (Fig. la). It is 
evident that the results of the gross morphometry were 
remarkably uniform and the following general state- 
ments can be made: 

1. The lesions continue to develop progressively in the 
second 12 months of hypercholesterolemia (group II). 

2. A low-fat, essentially cholesterol-free ration during 
the second 12 months of the study results in a marked 
reduction in lesion size of approximately one third (group 
III). 

3. Cholestyramine, a bile-acid sequestrant, leads to a 
reduction in lesion size of one half to one third. 

4. Combined therapy with cholestyramine and the 
low-fat, low-cholesterol diet results in lesions that cover 
only one sixth to one eighth of the intimal surface in- 
volved before therapy (reference group I). 

Other convincing evidence of regression of atheroscle- 
rosis in the rhesus monkey has resulted from combined 
therapy with cholestyramine and probucol administered 
after 1 year of an atherogenic ration; the monkeys contin- 
ued consuming the high-fat, high-cholesterol ration dur- 
ing therapy (Fig. 1b).?? 

A few of the results of the timed studies (Fig. 1c) are 
presented graphically in Figure 2.799 These findings in- 
dicate that almost half the decrease in lesion area occurs 
during the first 4 months of a 12-month regression period 
using a low-fat, cholesterol-poor ration. Much of this 
decrease is probably due to the fact that two thirds of the 
microscopically stainable lipid is removed during this 
same 4-month period, even though this effect does not 
manifest as gross intimal lesion reduction or reduction in 
lesion thickness until later. 

Additional studies have been completed in which the 
regression of atheromatous lesions that resulted from 
feeding the monkeys peanut oil were compared with thosé 
that resulted from feeding them a diet containing the 
same amount of cholesterol, but with a mixture of coco- 
nut oil and butter as the source of dietary fat. These 
results indicated that the peanut-oil-induced lesions re- 
gressed effectively, but more slowly than did the much 
more lipid-rich lesions produced by the high-cholesterol, 
coconut-oil-containing ration.?° 
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TABLE Il Regression Studies in Rhesus Monkeys at the 
University of Chicago, 1968-1982 


StudyCode Year Study Description 


1969-1971 First study in rhesus monkeys using 
drugs plus diet to demonstrate re- 
versal of plaque 

Three similar studies using cholestyra- 
mine and a low-fat, low-cholesterol 
diet, evaluated quantitatively with 
gross-point counting and computer- 
assisted and digitized micromor- 
phometry and biochemical meth- 
ods to measure regression 

Four studies of progression and re- 
gression in rhesus and cynomolgus 
monkeys in which the results were 
quantitatively evaluated at 4-month 
intervals 

Probucol and cholestyramine com- 
bined to treat rhesus monkeys with 
advanced atherosclerosis; the mon- 
keys were fed a high-fat, high-cho- 
lesterol ration during therapy. 


1973-1975 
1974-1976 
1975-1977 


1977-1979 
1978-1980 
1979-1981 
1980-1982 


1980-1982 


In these studies examining rhesus monkeys at various 
intervals during progression and regression of their ather- 
omatous lesions, the other major comparisons were be- 
tween the progression and regression of atherosclerotic 
disease in cynomolgus and rhesus macaques. The cyno- 
molgus monkey showed much more extensive disease ear- 
ly and a retardation in the rate at which regression took 
place. 

The results of our studies?” and others?” indicate that 
the cynomolgus lesions are very difficult to utilize in 
effective regression studies because, although the lesions 
are rich in lipid, they involve large areas of the media, and 
in this respect they are different from most plaques in 
human arteries, which are usually largely intimal. We 
have referred to this as atheroarteritis because these le- 
sions typically involve all 3 layers of the artery and be- 
cause they show abundant inflammatory cells in the inti- 
ma, media and adventitia. In the case of the muscular 
arteries, the scarring of the damaged media in the cyno- 
molgus monkey leads to constriction and narrowing of the 
lumen when the lipid is removed. Obviously, this is not a 
beneficial effect. 


FACTORS AFFECTING REGRESSION 
AND PROGRESSION 

As these studies have continued, it has become evident 
that at least some of the differences between rhesus and 
cynomolgus lesions are due to circulating immune com- 
plexes that our cynomolgus monkeys consistently demon- 
strate and that influence endothelial integrity.*! These 
are characterized by a much more actively destructive 
and inflammatory process with many more monocyte- 
derived foam cells in the media. These observations indi- 
cate that immunologic phenomena may help accelerate 
and intensify atherogenesis and may lead to a concentric 
and often transmural process that is quite different in its 
histologic features as well as its potential for regression. 
In one experiment with rhesus monkeys, the percentage 


35F 





A SYMPOSIUM: EVOLVING ISSUES IN THE TREATMENT OF HYPERCHOLESTEROLEMIA 


PLAN OF THE EXPERIMENTS 


SS 
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12.5% BUTTER : 
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LOW-FAT DIET AND CHOLESTYRAMINE | 'V 


ATHEROGENIC DIET AND 
CHOLESTYRAMINE V 


12 MONTHS 12 MONTHS 


ATHEROGENIC 
DIET 


2% CHOLESTEROL 
12.5% COCONUT OIL LOW-FAT, LOW-CHOLESTEROL a 
12.5% BUTTERFAT DIET 

LOW-CHOLESTEROL., is 
LOW-FAT DIET AND CHOLESTYRAMINE 


ATHEROGENIC DIET AND y 
CHOLESTYRAMINE 


14 MONTHS 14 MONTHS 


=o 
25% PEANUT OIL PRUDENT 


2% CHOLESTEROL DIET 


PRUDENT DIET AND 
CHOLESTYRAMINE IV 
ATHEROGENIC DIET AND % 
SSS CHOLESTYRAMINE 


12 MONTHS 12 MONTHS 
-4 |NDUCTION PERIOD ——— pe -4 TREATMENT TIME => 
FIGURE 1. Three experimental plans used in the 9 University of Chicago Nonhuman Primate Regression studies, each approxi- 
mately 24 months in length, completed between 1969 and 1982 (Table Il). In general, these studies involved a 1-year period of 


induction of atheromatous lesions using highly atherogenic rations, followed by a 1-year period of treatment in more than 200 
animals. Suitable reference groups of comparable animals were studied before and after intervention. In addition to quantitative 


36F THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 





of aortic intima involved decreased from 82 to 13% in 12 
months. In an identical study, the cynomolgus monkey 
failed to show any reduction in intimal disease during a 
similar period (i.e., 78 and 77% involved at the 2 time 
periods). The disease actually appeared to increase slight- 
ly after 4 months of therapy. Similar resistance to regres- 
sion of atherosclerosis in the coronary arteries of this 
species has been reported by Hollander et al.” 

Other factors are likely to influence regression of ex- 
perimental atheromatous lesions. These factors are just 
beginning to be studied systematically as toxic reactions 


12.5% COCONUT OIL 
12.5% BUTTER FAT 


2.0% ÊT 


that may help sustain injury to the cells of the artery wall 
by means of oxidation and peroxidation of low-density 
lipoprotein and very low density lipoprotein along with 
free radical formation after these lower-density lipopro- 
teins enter the artery wall.3>33 This phenomenon, which 
appears to be suppressed by powerful antioxidants such 
as probucol,** may ultimately be of substantial impor- 
tance in accelerating progression of atherosclerosis as 
well as explaining the importance of this type of toxicity 
in suppressing regression of atheromatous lesions. 

Two other aspects of the atheromatous process are 
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evaluation of blood lipid values, gross and microscopic lesion sizes, and additional morphologic and biochemical lesion compo- 


nents, cholesterol and connective tissue turnover studies, total 
tions were included in selected studies. 


carcass cholesterol determinations, and many other determina- 
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TABLE Ill Gross Aortic Lesions in Three Regression Studies 


RH- 27 
Atherogenesis and Treatments 


12.5% 
12.5% 
2.0% 


25.0% 
2.0% 


12.5% 
12.5% 
2.0% 


12.5% 
2.0% 


Coconut oil 
Butterfat 
Cholesterol 


62+ 14.2 


Peanut oil 
Cholesterol 


Coconut oil 
Butterfat 
Cholesterol 


Peanut oil 
Cholesterol 


Low-fat, low-cholesterol diet 
Prudent diet: 


Corn oil 
Cholesterol 


18.0% 
0.05% 


Low-fat, low-cholesterol diet 
plus cholestyramine (2.5%) 


Prudent diet plus 
cholestyramine (2.5%) 


Coconut oil /butterfat / 
cholesterol plus 
cholestyramine (2.5%) 


Peanut oil /cholesterol plus 
cholestyramine (2.5%) 


probably of major importance in influencing its contin- 
ued progression. One is the increasing endothelial dam- 
age, which is evident as the plaques become larger. The 
second is the continuing excessive smooth-muscle-cell 
proliferation and matrix protein synthesis (collagen, elas- 
tin and proteoglycans) that we now associate with pheno- 
typic modulation of the usually quiescent arterial smooth 
muscle cells as the atherogenic stimuli are sustained. 
We now have strong indications that both of these 
pathologic reactions of the artery wall are rather prompt- 
ly suppressed when the blood lipids are lowered by dietary 
or other means. Endothelial healing during regression has 
been documented by Weber and co-workers?’ in collabo- 
ration with Vesselinovitch in our regression studies using 
rhesus monkeys. That the decrease in cell proliferation is 
an important part of the process of plaque regression has 
been demonstrated very well by the studies in the swine 
model reported by Daoud et al*° and Fritz et al.” 
The details of plaque regression at the artery wall level 
are very difficult to study in human subjects. The various 
features of regression, as we now understand it from 
numerous animal studies (especially those in nonhuman 
primates and in swine), are shown in Figure 3. The major 
changes to be noted are the loss of lipid (both from the 
necrotic core as well as from the cellular parts of the 
plaque), the healing of the damaged endothelium, the 
remodeling and condensation of the fibrous elements, and 
the general decrease in cellularity that probably reflects 
the decreased mitotic activity of the arterial smooth mus- 
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(12+12mo) 


Gross Aortic Intimal Lesions (% of Total) 


RH- 32 
(12,12 mo) 


RH- 31 


(14+ 14 mo) Average 


26+ 11.0 


129 


43 + 12.0 


234+12.1 


cle cells. All these changes probably contribute directly o 
indirectly to regression. 


CONCLUSION 

Although a limited amount of circumstantial evidence 
accumulated before 1970 suggested that the atheroscle- 
rotic plaque and the clinical effects of this pathologi 
process could be favorably influenced by decreasing fat, 
cholesterol and caloric intake, almost no reliable anatom- 
ic evidence for this phenomenon was available until very 
recently. 

During the past 20 years, abundant evidence from 
experimental models of atherosclerosis has indicated that 
substantial regression of advanced plaques can be demon- 
strated after sustained reduction of the circulating lower- 
density blood lipoproteins by means of diet or cholesterol- 
lowering drugs, or both. This observation has given the 
biomedical scientific community the opportunity to study 
the details of regression and to learn more about the 
factors that may help augment or hinder this process. It 
has also opened up the opportunity to study the cell bio- 
logical and chemical mechanisms by which regression 
occurs and to produce practical models of a regression 
regimen that can be applied to human subjects. 

We are now entering the era in which relatively small 
clinical trials, with end points established by quantitative 
imaging of plaque size and plaque components measured 
with noninvasive techniques, can be expected to yield 
definitive results and help establish the validity and effec- 
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FIGURE 2. Rate of progression and regression of selected features of aortic atherosclerosis in rhesus monkeys with time. Fea- 
tures include intimal lesion area and maximal lesion thickness (/eff) and the percent of intimal surface covered with lesion gross- 
ly and percent intimal lesion area stained for lipid (right). (Reproduced with permission from Wissler and Vesselinovitch2? and 


Plenum Publishing Corp.) 


tiveness of various types of therapeutic approaches de- 


signed to reduce the size and clinical dangers of athero- 
sclerotic plaques in several critical and vital locations 
(such as the carotid, coronary and iliac arteries). The 
Cholesterol Lowering Atherosclerosis Study, headed by 
Blankenhorn et al** at the University of Southern Cali- 
fornia, is one example of a successful study illustrating 
some of these approaches. 
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Can Atherosclerotic Lesions Regress? 
Angiographic Evidence in Humans 


David H. Blankenhorn, MD 


Evidence that atherosclerotic lesions can regress is 


derived from autopsy findings in starved human 
populations, animal-model studies of induced ath- 
erosclerosis, and clinical trials using angiography. 
Three angiographic trials, with a total of 317 sub- 
jects, have demonstrated stabilization of lesions. 
One of these trials has revealed clear evidence of 
lesion regression. 

(Am J Cardiol 1990;65:41F-—43F) 
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atherosclerosis can show regression. These sources in- 

clude morphologic and biochemical studies of arterial 
lesions obtained at autopsy from starved human popula- 
tions, animal experiments in which atherosclerosis is in- 
duced and then allowed to regress, and serial-imaging 
studies of arterial lesions in living human subjects. A 
variety of imaging procedures can potentially be used for 
evaluation of atherosclerosis, but angiography has been 
most widely performed and is the current preferred meth- 
od for tracking coronary lesions. Early reports on angio- 
graphic change were principally based on retrospective 
evaluation of films obtained for routine clinical purposes; 
now, however, data from an impressive number of con- 
trolled angiographic clinical trials are available, and as 
many as 1,500 subjects are currently being studied. 

The amount of information to be gained from angiog- 
raphy is subject to significant limitations; lesions can be 
imaged only at infrequent intervals, and the images show 
only intraluminal lesions. Nonetheless, we can now iden- 
tify individual lesions that have changed, and current 
evidence clearly indicates that lesions can become small- 
er. Ultrasound and magnetic resonance imaging promise 
to augment the information derived by angiography be- 
cause these newer methods probe the arterial wall in 
different ways and can be used at frequent intervals. Both 
ultrasound and magnetic resonance imaging have been 
used more effectively in peripheral and aortoiliac vessels 
than in the coronary arteries. To date, published serial] 
observations on arterial lesion change have emanated 
from ultrasound studies of the carotid and proximal su- 
perficial femoral arteries.':? The resolution of ultrasound 
imaging is low (relative to x-ray), and changes must be 
larger before they are detectable, but population-wide 
surveys using ultrasound are planned? and standardized 
grading procedures for serial evaluation of carotid lesions 
have been developed.‘ 


[erect from several sources indicates that 


ATTRIBUTES OF ATHEROSCLEROTIC 
LESION CHANGE 

When lesion change has been carefully measured by 
serial angiography, the direction and magnitude of 
change present a continuous distribution. Almost all le- 
sions in the center of the distribution exhibit no change. 
To one side of the central cluster of stable lesions are 
those that have progressed; on the opposite side are a 
lesser number that have regressed, but the curve has no 
apparent breaks to suggest that lesion change falls into 
discrete classes. Brown et al* published extensive mea- 
surements of coronary lesion change based on angio- 
grams separated by an average of 13 months. 
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A SYMPOSIUM: EVOLVING ISSUES IN THE TREATMENT OF HYPERCHOLESTEROLEMIA 


The continuous distribution of lesion change may be 
due to many small-scale events that vary in magnitude 
from lesion to lesion. This concept is in keeping with what 
is known of the cellular and metabolic processes involved 
in atheroma growth. Lesions are known to be composed 
principally of connective tissue produced by proliferation 
of dedifferentiated medial smooth muscle cells. Counts of 
individual lesions show widely differing numbers of viable 
cells; therefore, even though a strong single signal may 
trigger cellular activity in all lesions at one time, the 
resulting change in lesions is likely to vary from one lesion 
to the next. 

Serial evaluation of human atherosclerosis has also 
shown that coronary lesions in the same person can 
change in opposite directions. This was one of the most 
interesting results of the National Heart, Lung, and 
Blood Institute Type II Intervention Trial,° in which 6 of 
116 subjects treated with cholestyramine or placebo had 
progressing coronary lesions while other coronary lesions 
exhibited regression. Untreated lesions have a general 
tendency to progress. Regression therapy (which, al- 
though effective, does not strongly force change in the 
direction of improvement) might be expected to tip the 
balance partially and produce mixed lesion responses. 


CURRENT EVIDENCE FROM SERIAL 
CORONARY ANGIOGRAMS IN 317 SUBJECTS 
The National Heart, Lung, and Blood Institute Type 
II study was a randomized, placebo-controlled, double- 
blind trial that included both men and women.°® This 
investigation tested the effects of 24 g of cholestyramine 
in subjects with type II hyperlipoproteinemia and overt 
coronary disease. At entry, total cholesterol levels aver- 
aged 323 mg/dl; triglycerides, 164 mg/dl; high-density 
lipoprotein cholesterol, 39 mg/dl; and low-density lipo- 
protein cholesterol, 251 mg/dl. The average baseline 
blood pressure was 122/79 mm Hg, and 43% of subjects 
smoked. A low-fat diet reduced low-density lipoprotein 
cholesterol levels by 5% in both groups. During the inter- 
val between angiograms, low-density lipoprotein choles- 
terol levels were reduced an additional 5% in the placebo 
group and 26% in the cholestyramine-treated group. 
The original study design called for 250 patients ran- 
domized to 2 treatment arms, but recruitment was dis- 
continued after 54 months, at which point 143 patients 
had been randomized. Angiograms were first recorded 
after 2 years in 31 subjects, but when apparent change 
was found in only 9, the schedule for repeat angiograms 
was lengthened to 5 years. Eventually, 116 subjects (57 
randomized to placebo and 59 to cholestyramine) under- 
went repeat angiography, which was evaluated in pairs 
(with the baseline angiograms); the temporal sequence 
and treatment were masked. Results from 3 separate 
panels of 3 angiographers were combined for the final 
analysis. On average, the panelists evaluated 5.4 lesions 
per subject. The subjects were classified as showing defi- 
nite progression, probable progression, definite regres- 
sion, probable regression, mixed response, or no change. 
Analysis of the findings revealed definite progression 
in 35% of the placebo group vs 25% of the drug-treated 
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group, and probable progression in 14 vs 7%, respectively. 
No change was found in 42% of the placebo group vs 53% 
of the treated group. Probable regression was seen in 5% 
of the placebo group vs 3% of the drug-treated group, and 
definite regression was seen in 2 vs 3%, respectively. 
Mixed response (with lesions changing in opposite direc- 
tions in the same subject) was found in 2% of the placebo 
group and in 8% of the treated group. Although the 
number of subjects evaluated did not allow definite con- 
clusions, the investigators suggested that cholestyramine 
had retarded the progression of coronary atherosclerosis. 
An additional conclusion, drawn after baseline demo- 
graphic inequalities and lesion severity were taken in 
account, was that a treatment effect could be demon- 
strated in a group of lesions with 250% stenosis, because 
33% of such lesions in the placebo group vs 12% in 
the cholestyramine-treated group showed progression (p 
<0.05). 

The Leiden Intervention Trial, conducted from 1978 
to 1981, presented evidence of an effect of diet on coro- 
nary atherosclerosis.’ The subjects were 61 patients with 
stable angina and 1 or more lesions with >50% stenosis 
who were not candidates for coronary bypass surgery. 
The trial was not randomized or blinded; however, coro- 
nary angiograms were evaluated by readers who did not 
know either the blood lipid levels or order of the examina- 
tions. All patients were required to adhere to a vegetarian 
diet, which reduced the intake of saturated fat and choles- 
terol while increasing polyunsaturated fat. It was estimat- 
ed that the diet at entry provided 11% of calories from 
saturated fat and 8.5% from unsaturated fat, and that 
daily cholesterol intake was 88 mg per 1,000 calories. 
After 1 year, diet estimates indicated 6.6% of calories 
from saturated fat and 16.8% from polyunsaturated fat, 
with a daily cholesterol intake of 30 mg per 1,000 calo- 
ries. Among 53 subjects who started the diet, 4 died in the 
first year (3 with myocardial infarction and 1 suddenly), 
and 7 patients underwent coronary artery bypass graft- 
ing. Repeat angiography was not performed in 3 patients 
(because of a malignant tumor in 2 and refusal in 1). 
Repeat angiography was performed in 39 patients and 
the films were evaluated by both visual inspection and 
computer analysis.’ Of the 39 patients, 21 showed pro- 
gression and 18 no progression of atherosclerosis. 

The Cholesterol Lowering Atherosclerosis Study was 
a selectively blinded, placebo-controlled trial with end 
points in native coronary arteries, aortocoronary venous 
bypass grafts, and femoral and carotid arteries." The 188 
subjects were randomized to either drug plus diet or pla- 
cebo plus diet. All subjects were nonsmoking men aged 40 
to 59 years who had previously undergone coronary ar- 
tery bypass surgery. Total plasma cholesterol levels at 
entry ranged from 185 to 350 mg/dl. Combined colesti- 
pol plus niacin therapy produced a 26% reduction in total 
plasma cholesterol levels, 43% reduction in low-density 
lipoprotein cholesterol levels, and 22% reduction in plas- 
ma triglyceride levels, plus a simultaneous 37% elevation 
of high-density lipoprotein cholesterol levels. These lipid 
changes were achieved with aggressive use of drugs and 
intensive desktop-computer-assisted dietary counseling.’ 





At the time the study was truncated because of clear 
ngiographic evidence of benefits from therapy, 162 sub- 
ects had completed 2 years of combined treatment with 
olestipol plus niacin. Coronary angiograms were re- 
iewed by a panel of expert angiographers as a safety 
urveillance measure before assessment by computerized 
age processing.!° 

Treatment produced a significant reduction in the 
progression of atherosclerosis in native coronary arter- 
es—both in the average number of lesions that pro- 
rressed per subject (p <0.03) and in the percentage of 
ubjects with new atheroma formation (p <0.03). The 
verage number of native coronary lesions in drug-treat- 
d subjects was 10.9 per subject, and the average number 
f lesions showing increased stenosis was 1 per subject. 
he average number of native coronary lesions in place- 
bo-treated subjects was 11.2 per subject, and the average 
umber of lesions showing increased stenosis was 1.4 per 
ubject. Among 80 drug-treated subjects, 8 (10%) devel- 
yped new native coronary lesions, and 18 of 82 placebo- 
reated subjects (22%) developed new native coronary 


esions. 
Treatment also significantly reduced the percentage 


bf subjects with any adverse change in bypass grafts (p 
0.03), as well as the percentage of subjects with new 
esions (p <0.04). The average number of grafts in both 
he drug-treated and placebo groups was 2.7. Among 
Hrug-treated subjects, 24% had an adverse change (in- 
reased stenosis or increased, diffuse edge irregularity) in 
l or more bypass grafts. In the placebo group, 39% of 
subjects showed adverse change in bypass grafts. New 
graft lesions developed in 14 of 80 subjects in the treated 
group (18%) vs 25 of 82 (30%) in the placebo group. 
The deterioration observed in the overall status of the 
oronary arteries (as judged by the extent of obstructive 
lesions in native coronary arteries or abnormalities of 
bypass grafts, or both) was significantly less in the treated 
han in the placebo group (p <0.001). In fact, atheroscle- 
rosis regression (as indicated by perceptible improvement 
n overall coronary status) was evident in 16.2% of the 
reated group vs 3.6% of the placebo group (p = 0.002). 


CLINICAL IMPLICATIONS 

The clinical implications of these results are that ther- 
apy after coronary bypass surgery should routinely in- 
clude measures to reduce blood cholesterol levels. Follow- 
up of large numbers of patients who have undergone 
coronary artery bypass surgery indicates that, with cur- 
rent medical therapy, 44% of patients with venous bypass 
grafts will require a repeat operation in 10 years,!! but 
patients whose lesions do not show progression have im- 
proved chances of survival and lower rates of myocardial 
infarction.!? 
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just to reduce blood pressure. One of the main 

interests of the meeting entitled “Antihypertensive 
Strategy for the 90’s: From Pathology to Patient Well- 
Being” held in Barcelona in April 1989 was to review the 
wide choice of the major antihypertensive drugs available 
and to point out their individual characteristics, which 
impact on the quality of life. 

The results of the studies performed over the last 10 
years have demonstrated that modern antihypertensive 
treatment must fulfill 3 requirements: (1) lower blood 
pressure significantly, covering the whole nyctohemeral 
period, including early morning increase; (2) restore local 
blood flow with a necessary double impact: cardiac, by 
reducing left ventricular hypertrophy, and vascular, by 
improving arterial compliance; and (3) reduce long-term 
cardiovascular morbidity and mortality by treating hy- 
pertensive patients early, improving associated risk fac- 
tors and administering drugs without any atheromatous 
side effects. 

In addition to those requirements, antihypertensive 
agents must also permit compliance to the treatment and 
therefore low dosages are particularly important. Before 
administering an antihypertensive drug, its effects on oth- 
er vital functions, especially renal function also must be 
taken into account. In this context, studies performed on 
indapamide, which has now been used for many years, 
have brought a new light to its unique mode of action. 

Indapamide appears to have several intriguing effects 
on the vascular wall. It does not directly affect endotheli- 
um-dependent and independent relaxations; however, 
when prostanoid production is impaired, the compound 
facilitates the release of endothelium-derived relaxing 
factors and the direct action on vascular smooth muscle 
of prostanoids released from the endothelium. In addi- 
tion, new pharmacologic data on indapamide demon- 
strate that it exhibits free-radical scavenging activity, 
which could protect the vascular smooth muscle. 

In vivo, indapamide increases the arterial compliance 
in both normotensive- and hypertensive-treated rats. In 
humans, the efficacy of the drug at the dose of 2.5 mg 
once daily has now been confirmed using 24-hour blood 
pressure monitoring. 

Indapamide has been used as monotherapy or in com- 
bination with an angiotensin-converting enzyme inhibitor 
or with a 8 blocker. In hypertensives who did not respond 
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to a single agent, the combination of indapamide induced 
a decrease both in systolic and diastolic blood pressure 
values, with little or no adverse effects. Furthermore, 
questionnaires on quality of life showed a significant im- 
provement in general well-being. Along these lines the 
final results of a 2-year multicenter study on hypertensive 
patients of the long-term effects of indapamide show that 
blood pressure is significantly reduced, with low metabol- 
ic effects. A mild reduction in serum potassium is ob- 
served, with a lower decrease than the one observed with 
thiazides, and without change in total cholesterol, high- 
density lipoprotein cholesterol and triglycerides. The 
compilation of 26 earlier studies permits the conclusion 
that indapamide is unique among diuretics because of 
either an absence of adverse lipid effects or even an im- 
provement in high-density lipoprotein cholesterol. 

It is well known that left ventricular hypertrophy is 
one of the most important risk factors in hypertension, 
leading to increased cardiovascular morbidity. Therefore, 
it has been of prime importance to evaluate the action of 
indapamide in cardiac hypertrophy. The results of a 
study performed in 1988 on 18 hypertensive patients tak- 
ing indapamide over a 6-month period demonstrated a 
significant reduction of 16% in left ventricular mass in- 
dex. 

Diabetic nephropathy is a serious cause of morbidity 
and mortality in diabetes mellitus, and when the process 
is present, it cannot be reversed. Increasing attempts have 
been made to detect diabetic nephropathy at an earlier 
stage, leading to the concept of microalbuminuria. Inda- 
pamide given to 20 type II diabetic patients caused a 
constant and significant reduction in the albumin excre- 
tion rate and in the urinary IgG4 (recently proposed as a 
new marker of diabetic nephropathy) in the microalbu- 
minuric group. Therefore, indapamide, a potent antihy- 
pertensive with low natriuretic action and specific vascu- 
lar effect, presents many of the properties required for 
optimal cardiovascular protection. 

This symposium will provide the readers of The 
American Journal of Cardiology with an in-depth discus- 
sion of new trends in hypertension, and the opportunity to 
familiarize themselves with indapamide, an intriguing 
member of the diuretic family. The guest editors would 
like to thank the Servier International Research Institute 
for making this meeting and the publication of its pro- 
ceedings possible. 
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Antihypertensive Strategy: A Current and 
Prospective Review 


Helios Pardell, MD, PhD 


The efficacy of antihypertensive therapy in reduc- 
ing cardiovascular complications has been clearly 
demonstrated in the last 20 years. Antihyperten- 
sives are particularly useful in the reduction of ce- 
rebrovascular complications which decrease by 
60% on average in clinical trials on the treatment 
of mild and severe hypertension. 

After the first clinical trials, the 1978 World 
Health Organization Experts Committee recom- 
mended the classic stepped-care (SC) approach 
with diuretics and 6 blockers as first-step agents. 
Other antihypertensive drugs, such as reserpine, 
centrally acting agents and vasodilators could be 
used in the next steps if blood pressure control was 
not achieved. 

Both diuretics and 8 blockers have been widely 
used and the SC regimen has contributed to the 
better control of arterial hypertension in the com- 
munity. The SC regimen has given general practi- 
tioners easy guidelines with which to treat hyper- 
tensive patients. 

There are many reasons for modifying the clas- 
sic SC approach. Prescription of antihypertensive 
drugs at high doses should be avoided and the use 
of new agents, such as calcium antagonists and an- 
giotensin-converting enzyme inhibitors, is recom- 
mended. Demographic trends have brought about 
an increase in the aged population and, conse- 
quently, an increase in the proportion of elderly hy- 
pertensives. These patients present particular 
problems in long-term management, among which 
are a high frequency of other associated diseases 
and an important number of adverse effects caused 
by the classic antihypertensive drugs. 

Nevertheless, diuretics are still useful in the 
treatment of hypertension, either as a monotherapy 
regimen or in association with other drugs. New 
diuretics, such as indapamide, have a very interest- 
ing pharmacologic profile with considerably fewer 
metabolic side effects on plasma cholesterol and 
glucose levels. 

(Am J Cardiol 1990;65:2H-—5H) 
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sive patients clearly showed that their survival rate 

did not exceed 5 years on average. Deaths were 
mostly a result of cardiac (coronary artery disease, cardi- 
ac failure), cerebrovascular (stroke) and renal (renal fail- 
ure) complications. ! 

With the introduction of effective antihypertensive 
drugs, the mortality rate of treated hypertensive patients 
was greatly decreased, and their life expectancy increased 
considerably. Hamilton et al? and Wolff and Lindeman,? 
among others, reported very good results using ganglion- 
blocking agents, reserpine, diuretics and guanethidine in 
the treatment of severe hypertension. 

The first Veterans Administration Study* showed a 
56% reduction in all-cause mortality (100% in hyperten- 
sive fatal complications and 40% in atherosclerotic fatal 
complications) using reserpine and diuretics in the treat- 
ment schedule of severe hypertensives. The second study° 
also demonstrated the benefits of this therapeutic regi- 
men in mild hypertensives (diastolic blood pressure 90 to 
104 mm Hg); however, these investigators pointed out 
that the benefit of pharmacologic treatment was consid- 
erably lower in patients with diastolic blood pressure lev- 
els approximately 100 mm Hg than in patients with mod- 
erate or severe hypertension (Fig. 1). 

The main objective of the Hypertension, Detection 
and Follow-up Program (HDFP)°® was to evaluate the 
benefits of the stepped-care (SC) approach in the treat- 
ment of arterial hypertension. The SC group was treated 
with diuretics as a first-step agent with the successive 
addition of reserpine, hydralazine or guanethidine. The 
referrred-care (RC) group was treated with the drugs 
often prescribed by doctors in the United States at that 
time. After a 5-year follow-up, the all-cause and cardio- 
vascular mortality in the SC group was, respectively, 17 
and 19% lower than in the RC group. Similar findings 
were encountered in stratum 1 of the study, which con- 
sisted of hypertensives with diastolic blood pressure levels 
of 90 to 104 mm Hg (constituting about 70% of all partic- 
ipants in the study). 

1978 stepped-care approach: In accordance with the 
studies mentioned, the USA Joint National Committee 
recommended in 1977 an SC regimen that included thia- 
zides, reserpine and hydralazine in addition to the non- 
pharmacologic measures that constituted a first-line ap- 
proach.’ 

One year later, in 1978, the Experts Committee of the 
World Health Organization proposed the more classic 
SC regimen with diuretics (widely prescribed in the 
USA) and 8 blockers (more frequently prescribed in Eu- 
rope) as the first step and with the other antihypertensive 


T= first follow-up studies of untreated hyperten- 
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agents as successive steps in the event that the diuretics 
and 6 blockers did not control blood pressure when used 
at their highest therapeutic doses. 

The SC regimen had great success worldwide because 
it contributed to improving the antihypertensive treat- 
ment for a great number of patients. The most important 
virtue of SC treatment was to provide doctors with very 
easy guidelines and to introduce the idea that antihyper- 
tensive agents had different and gradual potencies. More- 
over, it encouraged the use of diuretics and 6 blockers as a 
first-line approach, and this combination was capable of 
resolving antihypertensive problems in most cases. Virtu- 
ally all clinical trials on the treatment of mild hyperten- 
sion conducted in the 1980s involved the use of diuretics 
and 8 blockers and showed the unquestionable benefit of 
these drugs, which reduce cerebrovascular mortality 
among treated hypertensives by 60% on average and cor- 
onary mortality by 10%.!° Extensive experience in the 
treatment of hypertension with diuretics and 6 blockers 
has allowed greater discernment in the choice of therapy 
used for various patient groups: 6 blockers for young 
hypertensives and patients with coronary artery disease; 
and diuretics for the elderly, black hypertensives and 
patients with cardiac failure. 

Diuretic dilemma: Conflicting findings from clinical 
trials on the treatment of mild hypertension,'! demo- 
graphic trends toward an older population, and the intro- 
duction of new antihypertensive drugs have led to a ques- 
tioning of the appropriateness of the SC approach. 

One of the fundamental questions is the role of the 
diuretic in the light of reports that diuretics may produce 
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FIGURE 3. Possibilities for combining the first-step antihyper- 
tensive agents. Solid line, very useful; broken line, relatively 
useful. ACEI = angiotensin-converting enzyme inhibitors. 


negative cardiovascular effects as a result of their actions 
on serum potassium and cholesterol levels. We know that 
long-term diuretic therapy can produce a decrease in 
serum potassium of 0.5 to 0.7 mmol/liter.'!* Some stud- 
ies!3:14 suggest that this could explain the increase in 
coronary mortality and sudden death in hypertensive pa- 
tients treated with diuretics and in those who have base- 
line electrocardiographic abnormalities. Other investiga- 
tors'5-!7 refused this suggestion because of the following 
arguments: (1) Important and potentially dangerous de- 
creases in serum potassium levels are observed only when 
diuretics are prescribed at high doses (100 mg/day of 
chlorthalidone or equivalent), but not when they are pre- 
scribed at lower doses (25 mg/day or equivalent). (2) The 
decrease in serum potassium in a patient is not accompa- 
nied by significant disturbances in the cellular content of 
the cation. (3) There is not enough experimental evidence 
on the effect of hypokalemia on the myocardium. (4) 
Studies, such as the HDFP,® principally included hyper- 
tensives treated with diuretics that did not interfere with a 
clear reduction in mortality rates. (5) The last study from 
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the Glasgow Hypertension Unit!® showed no influence of 
hypokalemia on the mortality of hypertensive patients 
treated with diuretics. (6) Some investigators!’:!® pointed 
out that there is no clear evidence of coronary risk from 
diuretic-induced hypercholesterolemia, and that this in- 
crease is observed only in the acute period of treatment 
and not in long-term diuretic therapy. 

Some researchers!” suggested abandoning diuretics as 
a first-step antihypertensive agent. However, many oth- 
ers 1820 are of the opinion that diuretics still have a place 
in the treatment of hypertension and recommend their 
use. 

Diuretics are, in fact, widely used; physicians in the 
USA?! prescribed them in 76% of cases as initial therapy 
of hypertension, and Spanish doctors? do so in 75% of 
patients on a monotherapy schedule, and in 27.5% of 
patients taking an associated drug. 

The benefit of the SC approach is reemphasized in the 
Post Surveillance Study findings.” This study is based on 
2 contacts with all participants in the HDFP Study!® 
subsequent to the 6 to 7 years follow-up and was initiated 
with 2 principal objectives: (1) the collection of data 
regarding the mortality beyond the 5-year follow-up; and 
(2) the assessment of the post-trial treatment status and 
blood pressure control in SC and RC groups. At the end 
of the Post Surveillance Study, they reported: 

A decrease in the number of SC and an increase in the 
number of RC hypertensive patients (this increase out- 
weighs the change in the SC group unlike in the HDFP 
Study); a decrease of 8.9% in the level of blood pressure 
control (diastolic blood pressure <90 mm Hg) in the SC 
group. At the 5-year follow-up in the HDFP Study the 
SC group had 17.7% more hypertensives under control 
than the RC group, whereas at the end of the Post Sur- 
veillance Study this difference was only 5.9%. 

An increase in the mean diastolic blood pressure of the 
SC group with a decrease in the difference between the 
SC and RC groups (4.9 mm Hg at the 5-year HDFP 
follow-up and only 1.7 mm Hg at the end of the Post 
Surveillance Study). 

An increase in the SC group mortality rate with a 
corresponding decrease in the difference in the mortality 
of this group compared with the RC group (mortality was 
18.7% lower in the SC group at the 6- to 7-year HDFP 
follow-up and merely 9% at the end of the Post Surveil- 
lance Study). 

Treatment of hypertension for the 1990s: In general, 
the SC approach is still recommended in the treatment of 
hypertension, although it must be adapted to the chang- 
ing therapeutic conditions: It is not advisable to prescribe 
antihypertensive agents at their maximal doses (in case of 
diuretics it is well demonstrated that lower doses main- 
tain the antihypertensive efficacy with a significant re- 
duction in adverse effects). It is preferable to substitute or 
add other drugs that can potentiate this effect; the new 
antihypertensive agents, such as calcium antagonists and 
angiotensin-converting enzyme (ACE) inhibitors, must 
be featured in the first-step approach. This allows an 
individualized schedule according to personal character- 
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istics and, particularly, the cardiovascular risk profile of 
each hypertensive patient. 

The last report of the Joint National Committee?4 
pointed out that nonpharmacologic measures are still 
fundamental in any antihypertensive treatment, because 
they can control some mild hypertensives and can con- 
tribute substantially in cases in which treatment is essen- 
tial (Fig. 2). 

The recommendation regarding pharmacologic treat- 
ment is the use alone or in combination of any of the first- 
step agents: diuretics, 8 blockers, calcium antagonists, 
ACE inhibitors, and probably a blockers. The vasodila- 
tors and centrally acting agents should be reserved for the 
next steps in the event that blood pressure control is not 
achieved. 

The classic (diuretics and 8 blockers) and recent anti- 
hypertensive drugs (calcium antagonists and ACE inhibi- 
tors) can be used in a variety of combinations with the 
view of reducing the doses used and, by the same token, 
the adverse effects. Regarding this point, diuretics are 
particularly interesting because their pharmacologic ac- 
tions can amplify the antihypertensive effect of 8 blockers 
and ACE inhibitors, which act more efficaciously when 
plasma renin activity is high (Fig. 3). 

In conclusion, diuretics may be used either in antihy- 
pertensive monotherapy regimens or in combination with 
other agents. Recent diuretic drugs, such as indapamide, 
give new possibilities because of their direct vascular ef- 
fect and their influence on serum cholesterol levels and 
glucose metabolism.?° 
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Effects of Indapamide on Endothelium-Dependent 
Relaxations in Isolated Canine Femoral Arteries 


Valérie B. Schini, PhD, John Dewey, PhD, and Paul M. Vanhoutte, MD, PhD 


Indapamide is an effective antihypertensive agent 
in humans and in experimental hypertensive ani- 
mals. The aim of the present study was to investi- 
gate whether indapamide affects endothelium-de- 
pendent and independent relaxations in canine fem- 
oral arteries. Rings (with or without endothelium) 
were contracted with prostaglandin F24 (2 x 10-6 
mol/liter) before the addition, in a cumulative fash- 
ion, of relaxing agents. Indapamide (10-7 to 10-4 
mol/liter) had no direct effect on unstimulated or 
prostaglandin-stimulated preparations; it did not al- 
ter relaxations of preparations with endothelium in- 
duced by acetylcholine, bradykinin, adenosine di- 
phosphate or the calcium ionophore A23187. Simi- 
larly, it did not affect relaxations induced by 
sodium nitroprusside, prostacyclin or forskolin in 
preparations with or without endothelium. Indo- 
methacin shifted the concentration-response curve 
to bradykinin to the right and did not alter that to 
the other relaxing drugs. The reduced relaxation to 
bradykinin was reversed in a concentration-depen- 
dent manner by indapamide (10-7 to 10-5 mol /li- 
ter). In the presence of indomethacin, indapamide 
shifted the concentration response curve to prosta- 
cyclin (in rings with endothelium) and to forskolin 
(in rings with and without endothelium) to the left. 
Thus, indapamide does not directly affect endothe- 
lium-dependent and independent relaxations. How- 
ever, when prostanoid production is impaired, inda- 
pamide facilitates the release of endothelium-de- 
rived relaxing factor(s), and to a lesser extent, the 
direct action on vascular smooth muscle of prosta- 
noids (prostacyclin) released from the endothelium. 
(Am J Cardiol 1990;65:6H-10H) 
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famoyl-3-benzamide] is an orally active sulfonamide 

diuretic agent which reduces blood pressure in part by 
decreasing vascular reactivity and peripheral resistance. | 
Indapamide reduces vasoconstrictor responses in several 
isolated vascular preparations from rats and rabbits.2-7 
The inhibitory effects of indapamide have been attributed 
to a reduced entry of extracellular calcium through an 
effect on the plasma membrane, although the drug may 
also depress contractions evoked by the release of the 
activator ion from intracellular stores.8-!! 

The endothelium plays an obligatory role in the relax- 
ation of isolated arteries caused by a number of vasodila- 
tor substances because it releases endothelium-derived 
relaxing factor(s).'+!3 The release of endothelium-de- 
rived relaxing factor(s) may contribute to the decrease in 
peripheral resistance previously observed with certain an- 
tihypertensive agents.'* The present experiments were 
designed to determine whether the presence of the endo- 
thelium affects the action of indapamide on isolated 
arteries. 


| Pree: [chloro-4-N-(methyl-2-indolinyl-1)-sul- 


METHODS 

Mongrel dogs (weighing 15 to 30 kg) of either gender 
were anesthetized with sodium pentobarbital (30 mg/kg 
intravenously). The femoral arteries were removed and 
placed in modified Krebs-Ringer bicarbonate solution of 
the following composition (mmol/liter): sodium chloride 
(NaCl) 118.3, potassium chloride (KCl) 4.7, calcium 
chloride (CaCl) 2.5, magnesium sulfate (MgSO,) 1.2, 
potassium phosphate monobasic (KH»POx,) 1.2, sodium 
bicarbonate (NaHCO;) 25.0, calcium disodium edetate 
0.026, glucose 11.1 (control solution). 

Organ chamber experiments: The blood vessels were 
cleaned of connective tissue and cut into rings (5 mm 
long). Special care was taken not to damage the luminal 
surface. In certain arteries, the endothelium was removed 
by gentle rubbing of the luminal surface with a cotton tip; 
the removal was confirmed by demonstrating the absence 
of relaxations to acetylcholine.'!© The rings were 
mounted horizontally between 2 stirrups in organ cham- 
bers filled with 25 ml of control solution aerated with 95% 
oxygen-5% carbon dioxide (37°C, pH 7.4). One stirrup 
was anchored, the other connected to a strain gauge 
(Gould UTC2) to determine changes in isometric force. 

The rings were stretched in a stepwise fashion to the 
optimal point of their length-tension curve as determined 
by the tension developed to exposure at each level of 
stretch to KCI (20 mmol/liter; optimal tension approxi- 
mately 10 g). The tissues then were allowed to equilibrate 
for 45 minutes. 





TABLE I Effects of Indapamide and Indomethacin on Contractions Evoked by Prostaglandin F2, (2 X 107€ mol /liter) in Canine 


Femoral Artery* 


With 
Without 


12.9 2.6 
1934 3:1 


137E R 
14.3 42.7 ND 


With 
Without 


12.3 1.4 


Indapamide (mol /liter) 


10-6 


15.543.4 15.24 3.0 ND 
ND ND 12.1429 


* Data shown as mean + standard error of the mean and expressed as absolute increases in tension (g). Indapamide did not have statistically significant effects. 


ND = not determined. 


All experiments were performed in parallel using 
rings with, and without, endothelium from the same 
blood vessels. Relaxations were examined in rings con- 
tracted with prostaglandin Fz (2X 10~° mol/liter). In 
certain experiments, the rings were incubated with indo- 
methacin (1075 mol/liter for 45 minutes) to prevent the 
synthesis of endogenous prostanoids. Indomethacin did 
not affect contractions to prostaglandin Fog. 

Drugs: The following drugs were used: acetylcholine 
chloride (Sigma Chemical Co., St Louis, Missouri); the 
calcium ionophore A23187 (Sigma); adenosine diphos- 
phate (ADP) (Sigma); bradykinin (Sigma); forskolin 
(Sigma); indapamide (Laboratoires Servier, France); in- 
domethacin (Sigma); prostacyclin (Sigma); and prosta- 
glandin Fq (Sigma). Indomethacin was dissolved in 10 
ml of distilled water containing sodium carbonate 


(Na2CO3) (5 X 107? mol/liter) and was sonicated before 
use. Prostacyclin was dissolved with NaHCO; (0.15 mol/ 
liter, pH = 9), and indapamide in pure ethanol; the rings 
not exposed to indapamide received the corresponding 
amount of ethanol (which did not significantly affect 


vascular responsiveness) (data not shown). All other 
drugs were prepared daily in distilled water and kept on 
ice until used. The concentrations are reported as the final 
molar concentration in the organ chamber. 

Calculations and statistical analysis: The results are 
expressed as mean + standard error of the mean. Unless 
otherwise specified, n is the number of animals from 
which rings were taken. Responses are expressed in rings 
contracted with prostaglandin Fxg, as percent changes 
from the contracted levels. ICsp is the concentration of 
the tested agent that induces a 50% relaxation. Statistical 
evaluation of the data was performed using Student f test 
for paired or unpaired observations. Values were consid- 
ered to be statistically different at p <0.05. 


RESULTS 

Direct effects: Indapamide (1077 to 1074 mol/liter) 
did not significantly affect basal tension in rings of femo- 
ral arteries with and without endothelium in the absence 
or presence of indomethacin (107° mol/liter) (data not 
shown). Indapamide did not significantly affect contrac- 


TABLE Il Indapamide and Endothelium-dependent Relaxations in Canine Femoral Artery* 


Control 
No. of 
Dogs Emax E max 


Endothelium —log ICs 


7.97+0.08 100 
8.18+0.10 
5.92 +0.15 
7.51 +0.07 
6.68 +0.13 
6.78 +0.19 
6.70 + 0.08 
6.66 +0.14 
7.96 +0.09 


Acetylcholine 
Bradykinin 
ADP 

A23187 

PGl> 


Forskolin 


DAAANANA D™ 


Sodium nitro- 99.7+0.3 


prusside 


* Data shown are mean + standard error of the mean. 
t (1075 M). 


Indomethacint 


93.3 £3.1 


Indomethacint 
Indapamidet Plus Indapamide?* 


—log ICs —log ICso E max —log ICso 


8.05 + 0.07 

7.72 + 0.071 

5.96 +0.14 90.7 ++5.0 
7.60 +0.04 100 
6.654018 -95:94£3.1 
6.84 +0.13 96.3+3.7 
6.63 +0.12 99.6+0.4 
6S2 EOTS 98.3241.2 
7.80 +0.09 100 


7.62+0.16 100 
8.25+0.16 96.0+4.0 
5.99+0.16 926+47.4 
7.54+0.09 100 
6.79+0.09 89.0458 
6.9340.12 94.242.7 
6.83+0.10 99.0+1.0 
6.81 +0.12 988408 
7.87 +0.12 100 


7.97 + 0.23 
8.150.125 
6.08 + 0.20 
7.58 + 0.09 
6.89 + 0.165 
6.95 + 0.17 
6.87 + 0.108 
6.77+0.115 
7.89 + 0.09 


t Indapamide was used at concentration of 1078 M in the case of acetylcholine, bradykinin, ADP and A23187, and 1074 M in the case of forskolin and PGl2z and sodium nitroprusside. 
$ Denotes a significant difference from the response observed in the presence of indapamide. 


1 Denotes a significant difference from control. 


ADP = adenosine diphosphate; Emax = maximal relaxation of contractions induced by prostaglandin PGF2 (2 X 107€ M) caused by 1075 M of ADP or 107€ M of either acetylcholine, 
bradykinin, A23187, PGlo, and forskolin; PGl2 = prostacyclin; (+) = with endothelium; (—) = without endothelium. 
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e=Control 
o=Indapamide, 10°°M 


Relaxation, % 


8 
Bradykinin -log M 


e=Control 
o=Indapamide, 10°°M 


Relaxation, % 


Bradykinin, -log M 


FIGURE 1. Relaxations to bradykinin in canine femoral arteries with endothelium contracted with prostaglandin Fo, (2 X 10€ 
mol/liter), in the absence (closed circles) and presence (open circles) of indapamide (10-5 mol/liter). The experiments were per- 
formed in control solution (/eff) and after incubation with indomethacin (10-5 mol/lter) (right). Data shown are mean + standard 
error of the mean. The relaxations are expressed as a percentage of the contraction to prostaglandin F2,. 


tions evoked by prostaglandin Fa (2 X 107° mol/liter), 
in the absence or presence of indomethacin (1075 mol/ 
liter; Table I). 

Effect on relaxations: Rings with endothelium: In 
control solution, indapamide (1077 to 1074 mol/liter) did 
not significantly affect the relaxations evoked by acetyl- 
choline (Table II), ADP (Table II), bradykinin (Fig. 1, 
left; Table II) or the calcium ionophore A23187 (Table 
II); these relaxations were endothelium-dependent (data 
not shown). Indomethacin (1075 mol/liter) did not signif- 
icantly affect the relaxations evoked by acetylcholine, 
ADP or A23187, but caused a significant shift to the 
right of the concentration-relaxation curve to bradykinin 


e=Control 
o=Indapamide, 1075M 


Relaxation, % 


8 7 
A 23187, -log M 


FIGURE 2. Relaxations to the calcium ionophore A23187 in 
canine femoral arteries with endothelium contracted with 
prostaglandin F2, (2 X 10 moliter), in the absence (closed 
circles) and presence (open circles) of indapamide (10-5 mol/ 
liter). The experiments were performed in the presence of in- 
domethacin (10-5 mol/liter). Data shown are mean + standard 
error of the mean. 
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(Table II). In the presence of indomethacin, indapamide 
caused a concentration-dependent shift to the left of the 
concentration-response curve to bradykinin (Fig. 1, right; 
Table II), without affecting the responses to either acetyl- 
choline (Table II), ADP (Table II) or the calcium iono- 
phore (Fig. 2; Table II). 

In the rings contracted with prostaglandin Faq in the 
presence of indomethacin (107° mol/liter), indapamide 
(1074 mol/liter) caused a significant shift to the left of 
the concentration-response curve of prostacyclin and 
forskolin (Table II). 

Rings without endothelium: All experiments were 
performed in rings without endothelium, incubated with 
indomethacin (107° mol/liter). They were contracted 
with prostaglandin Fo (2 X 107° mol/liter) and exposed 
to increasing concentrations of either prostacyclin, for- 
skolin or sodium nitroprusside. Indapamide (1074 mol/ 
liter) caused a significant shift to the left of the concentra- 
tion-relaxation curve of forskolin, but not that of either 
prostacyclin or sodium nitroprusside (Fig. 3; Table II). 


DISCUSSION 

The present experiments demonstrate that indapa- 
mide does not induce the release of endothelium-derived 
relaxing factor(s). This conclusion is based on the obser- 
vations that the compound did not evoke endothelium- 
dependent relaxations when the femoral arteries were 
contracted with prostaglandin Fg.!*:!> Likewise, it is 
unlikely that indapamide nonselectively facilitates the 
releases of endothelium-derived relaxing factor(s) by oth- 
er vasoactive substances, because it did not potentiate the 
endothelium-dependent relaxations evoked by acetylcho- 
line, ADP, and the calcium ionophore. In addition, be- 
cause indapamide did not increase relaxations evoked in 
the absence of endothelium by sodium nitroprusside 
(which relaxes vascular smooth muscle by activating sol- 
uble guanylate cyclase as does endothelium-derived re- 
laxing factor[s]),!’~!? it appears unlikely that indapamide 





e=Control 
o=Indapamide, 107M 


Relaxation, % 


7 
Forskolin, -log M 


e=Control 
o=Indapamide, 10°7M 


Relaxation, % 


8 7 
Sodium nitroprusside, -log M 


FIGURE 3. Reiaxations to forskolin (Jeff) and sodium nitroprusside (righf) in canine femoral arteries (without endothelium, in the 
presence of 10-5 mol/liter indomethacin), contracted with prostaglandin F2,., (2 X 10€ mol/lter). The experiments were per- 
formed in the absence (closed circles) and presence (open circles) of indapamide (10-4 molliter). Data shown are mean + stan- 


dard error of the mean. 


affects the responsiveness of vascular muscle to activators 
of guanylate cyclase. Thus, the drug does not affect di- 
rectly either the release or the effect of endothelium- 
derived relaxing factor(s), as may be the case for other 
antihypertensive agents such as 6 blockers?®?! or convert- 
ing enzyme inhibitors.’ 

Indapamide did not cause relaxations of canine femo- 
ral arteries without endothelium. A similar absence of 
direct inhibitory effect of the drug on vascular smooth 
muscle has been reported in another large conduit artery, 
the aorta of the rat.2? The present observations are not 
necessarily in conflict with earlier reports in smaller 
arteries and in spontaneously active portal-mesenteric 
veins.” ™!! If the major direct inhibitor effect of indapa- 
mide on vascular smooth muscle is to prevent calcium 
entry,®'! earlier work in the canine femoral artery would 
predict a lack of inhibitory effect of the drug, to judge 
from the limited relaxations caused by diltiazem in that 
type of preparation.*4 

The inhibitor of cyclooxygenase, indomethacin, 
caused a rightward shift of the concentration-relaxation 
response curve to bradykinin without significantly affect- 
ing any other tested responses of the preparations. These 
observations imply that an interaction exists between me- 
tabolites of arachidonic acid and the endothelium-depen- 
dent response to the peptide. Bradykinin can cause the 
release of prostaglandins, particularly prostacyclin, from 
endothelial cells.2>2° The inhibitory effect of indometha- 
cin on the relaxations to bradykinin is surprising because 
the contrary would be expected. There are several exam- 
ples in canine blood vessels of the release of contracting 
factors that can be prevented by inhibitors of cyclooxy- 
genase.”’8 Inhibitors of cyclooxygenase increase rather 
than depress endothelium-dependent relaxations.”’ Thus, 
the effect of indomethacin would be better explained if a 
release of cyclooxygenase product by the endothelium 
were to exert a positive feedback on the release of endo- 


thelium-derived relaxing factor(s) evoked by bradykinin. 
If this interpretation is correct, prostacyclin is the likely 
mediator, because, from evidence of work in porcine 
arteries, prostacyclin increases the release of endotheli- 
um-derived relaxing factor(s).*° 

The major finding of the present study was that, after 
incubation with indomethacin, indapamide potentiated 
the relaxations induced by bradykinin. This was observed 
only in the presence of indomethacin with bradykinin, but 
not with other endothelium-dependent dilators. Thus, a 
direct interference with the release or the action of endo- 
thelium-derived relaxing factor(s) cannot explain the 
phenomenon. Indapamide has been reported to increase 
the release of prostaglandins, particularly prostacy- 
clin.2!32 Thus, the present data would be explained if 


Bradykinin 





Endothelium 


Vascular 
smooth muscle 


% =maximoal under control conditions 


FIGURE 4. Proposed mechanism of action to explain the aug- 
mentation by indapamide of the endothelium-dependent relax- 
ations to bradykinin. AA = arachidonic acid; B = bradykinin 
receptor; EDRF = endothelium-derived relaxing factor(s); 
cAMP = cyclic adenosine monophosphate; cGMP = cyclic gua- 
nosine monophosphate; L-ARG = L-arginine; NO = nitric ox- 
ide; PGlz = prostacyclin; + = facilitation. 
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indapamide restored the inhibited release of prostacyclin 
or other prostanoids that feed back on the release of, and 
interact synergistically with, endothelium-derived relax- 
ing factor(s) (Fig. 4). 

In the porcine coronary artery, prostacyclin not only 
facilitates the release of endothelium-derived relaxing 
factor(s) but also eases its action on vascular smooth 
muscle.*° These properties of prostacyclin may be due to 
activation of adenylate cyclase, since forskolin, a direct 
activator of the enzyme, has similar effects. The present 
study demonstrates that indapamide enhances the relax- 
ations evoked by forskolin in rings without endothelium. 
Thus, it can facilitate either the production or the intra- 
cellular effect of cyclic adenosine monophosphate (Fig. 
4). However, it is unlikely that this action contributes in a 
major way to the augmentation of the response to brady- 
kinin. The relaxations evoked by prostacyclin in rings 
without endothelium were increased only by indapamide. 
In contrast, the drug significantly increased the relax- 
ations induced by prostacyclin in rings with endothelium. 
This implies that the potentiating effect on the brady- 
kinin-induced relaxation involves mainly the facilitation 
of a positive feedback exerted by prostacyclin (or another 
prostanoid) on the release of endothelium-derived relax- 
ing factor(s) (Fig. 4). 
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Cardiovascular Protective 
Properties of Indapamide 


D. Bruce Campbell, PhD, and François Brackman, MD 


Although indapamide has been used for many 
years as a first-line treatment of hypertension, it is 
only recently that some of its activities on the 
changes of the cardiovascular system, brought on 
by age and high blood pressure, have been studied. 
Indapamide appears to reduce blood pressure by a 
combined diuretic and direct vascular activity re- 
ducing vascular reactivity and total peripheral re- 
sistance. In addition, it has discrete effects on a 
number of interrelated systems that may protect 
the cardiovascular system. Indapamide reduces in- 
tracellular calcium levels, maintains magnesium 
ions, but reduces phosphate ions that may be in- 
volved in arterial rigidity. Circulating catechol- 
amines remain unchanged but there is a reduction 
in normetanephrine, suggesting a reduction in sym- 
pathetic tone. It stimulates prostacyclin synthesis, 
increases levels of circulating prostacyclin, reduces 
platelet aggregation and stimulates the vasodilation 
elicited by endothelium-derived relaxing factor in 
the presence of bradykinin. In addition, it inhibits 
the formation of the vasoconstrictor prostanoid, 
thromboxane A2. The free radical scavenging activ- 
ity of indapamide could also protect the vascular 
smooth muscle from the reperfusion injury of cere- 
bral and myocardial ischemia. Indapamide induces 
a reduction in cerebral ischemia after carotid liga- 
tion. Unlike some other antihypertensives, it does 
not upset the high-density /low-density lipoprotein- 
cholesterol balance, reducing the possible risk of 
atherosclerosis. Moreover, the combination of bind- 
ing to elastin and reduction in uptake of calcium 
and phosphate into the smooth muscle could be a 
mechanism for reducing arterial rigidity seen in the 
elderly and hypertensive patient. In hypertensive 
patients, these properties induce an improvement in 
arterial compliance, and in the long term a reduc- 
tion in left ventricular hypertrophy. These pharma- 
cologic and clinical results, together with a good 
antihypertensive efficacy and acceptability, suggest 
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that indapamide may be a preferential agent in the 
long-term cardiovascular protection of the hyper- 
tensive patient. 

(Am J Cardiol 1990;65:1 1H-27H) 


sis is well established, and many population stud- 

ies have confirmed that high blood pressure is asso- 
ciated with a higher incidence of cerebrovascular acci- 
dents, coronary artery disease and left ventricular hyper- 
trophy. Consequently, reduction of blood pressure to nor- 
mal values in order to decrease both the incidence and the 
severity of cardiovascular complications appears to be 
clinically relevant. Several long-term prospective studies, 
including thousands of patients treated for years, have 
been conducted to confirm this hypothesis, but most of 
them showed only partial results when considering global 
cardiovascular prevention. Whereas the incidence of ce- 
rebrovascular complications was significantly reduced, 
the effect on coronary artery disease was incomplete, with 
little or no reduction in myocardial infarction; it has been 
suggested that this might be due to the deleterious effects 
of the agents on some risk factors other than high blood 
pressure. Whatever the reason for such results, this shows 
that the cardiovascular prognosis is not solely controlled 
by blood pressure values and that the choice of an antihy- 
pertensive agent should also be based on its mechanism of 
action and on its effects on other cardiovascular risk 
factors. 

In this respect, indapamide, an antihypertensive agent 
with minimal diuretic activity and specific vascular ef- 
fects, seems to present many of the known properties 
required for an optimal cardiovascular protection. Inda- 
pamide is available in more than 100 countries, including 
Japan and the United States, and is being used daily by 
1.5 million hypertensive patients, some of these having 
been treated for more than 5 years. More than 600 publi- 
cations on animal experiments, clinical pharmacology 
studies and long-term therapeutic trials have provided us 
with an extensive knowledge of the vascular activity of 
indapamide, its antihypertensive action and its effects on 
all the factors involved in cardiovascular progress, from 
cellular properties to long-term effect on lipids and left 
ventricular hypertrophy. 

This review, while summarizing the main results 
available in these fields, attempts to evaluate their possi- 
ble consequences on the long-term cardiovascular prog- 
nosis of the hypertensive patient treated with indapamide. 


ik role of hypertension in cardiovascular progno- 
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TABLE I The Cardiohemodynamic Activities in Indapamide 


Treatment BP HR 
(weeks) (A%) (A%) 


No. of 
Reference Pts. 


* p <0.05. 


MBF 
(A%) 


CO TPR 


(A%) (A%) Methods? 


Radiocardiogram 
(SARI) 

Cardiac impedance 
M-mode 
echocardiography 


Thermodilution 


Thermodilution 
Cardiogreen 
dilution 

M-mode 
echocardiography 


0.5+ 8.9 -18+8 39:427 


1 Methods for measurement of cardiac output: unless otherwise stated, all methods for blood flow were plethysmography. 


> Measured by carotid pulse waves. 

€ Measured by xenon washout. 

! After exercise. 

e Responders whose blood pressure was reduced. 
' Nonresponders. 


BP = blood pressure; CO = cardiac output; HR = heart rate; MBF = muscle blood flow; SD = standard deviation; TPR = total peripheral resistance. 


VASCULAR ACTIVITY 

The mechanism by which indapamide decreases blood 
pressure has been the subject of much discussion, since it 
appears to have both diuretic activity and vasoactivity.!~ 
The diuretic activity in terms of plasma, sodium, potassi- 
um and uric acid levels, body weight and plasma volume 
changes are less than half those found for medium-dose 


thiazide diuretics.* Conversely, indapamide does appear 
to have a direct effect in vitro on isolated vascular smooth 
muscle to inhibit contractions elicited by norepinephrine, 
epinephrine, angiotensin II>-’ and prostaglandin F2 
(PGF>)*; the effect of indapamide is dose dependent and 
is not observed with trichloromethiazide.’ In addition, 
indapamide, in contrast to hydrochlorothiazide, reduces 
in vivo the vascular reactivity to norepinephrine, tyra- 
mine, angiotensin II, and electrical stimulation of the 
entire sympathetic outflow in rats.”:!° Similarly, in hu- 
mans, indapamide, after 2 to 12 weeks, significantly re- 
duces vascular reactivity by increasing the doses of nor- 
epinephrine, angiotensin II or phenylephrine by 30 to 
120% needed to increase blood pressure by 10 to 20 mm 
Hg.!!-!5 Interestingly, the reduction in vascular reactivity 
achieved by indapamide was found to be linearly related 
(r = —0.62, p <0.05) to the mean initial blood pressure of 
the subjects treated. !? 

Further evidence that indapamide may have an inde- 
pendent vascular activity is the finding that there is a 
reduction in blood pressure in patients (n = 9) who are 
functionally anephric, an activity that cannot be affected 
by diuresis.'© Indapamide reduces blood pressure by sig- 
nificantly reducing total peripheral resistance (mean 
—18%, range —3 to —27%),!517-22 by increasing muscle 
blood flow (mean +39%, range 14 to 53%)!8-20.23.24 with- 
out reflexly increasing heart rate, possibly because of 
vasodilation on both veins and arteries or by a resetting of 
the baroreceptor reflex? (Table I). 


12H THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


IONIC TRANSPORT 

Calcium: Although it is evident from cardiohemody- 
namic studies that the major effect of indapamide is to 
reduce total peripheral resistance, the exact mechanism 
of this activity is unclear. Early electrophysiologic studies 
suggested that there was a dose-dependent reduction in 
the phasic contraction elicited by the inward flow of calci- 
um ions into vascular smooth muscle?’ and that this activ- 
ity was 4 and 50 times more active than hydrochlorothia- 
zide and chlorthalidone, respectively, in polarized and 
depolarized rat portal vein (Fig. 1).2° Concentrations that 
achieve these reductions of 10 to 25% in contraction fall 
within the human therapeutic range of blood and vascu- 
lar smooth muscle concentrations. 

In addition, there appears to be a secondary effect on 
blocking the release of calcium from norepinephrine-sen- 
sitive and peripheral sarcoplasmic reticulum stores, but 
indapamide does not facilitate the calcium reuptake into 
these stores.” Other techniques, such as measuring the 
movement of radioactive calcium across the rat aorta, 
have confirmed the inhibitory activity on calcium trans- 
port.*? 

Recently, more detailed studies?! have shown that 
indapamide, up to 10 wmol/liter, has little activity on the 
fast inward calcium current but inhibits the slow current. 
Calcium channels exist in 3 conformational states de- 
pending on their activation: open, resting and inactivated. 
In contrast to calcium antagonists, indapamide binds to 
the resting channels, whereas verapamil binds to open 
channels and nifedipine to inactivated channels. It is un- 
clear what this means therapeutically but the type of 
activity may confer on the molecule some degree of selec- 
tivity on different vascular tissues. Indapamide, however, 
is up to 500 times less potent than nifedipine and this may 
be why indapamide does not cause the acute side effects 
of the calcium vasodilators, such as orthostatic hypoten- 





Maximal contraction (9) 


FIGURE 1. Dose response curves for the effect of indapamide (squares), hydrochlorothiazide (circles) and chiorthalidone (trian- 
gles) on triggered isometric contractions in polarized rat portal vein (n = 5).28 (Modified from Mironneau et al, 1981.) 


sion, flushing and increased heart rate, but has a more 
gradual action on reduction of blood pressure without 
acutely disrupting physiologic control systems. Even so, 
the concentrations (80 nmol/liter) that produce a 50% 
inhibition of the calcium current are comparable to thera- 
peutic plasma steady-state concentrations, 200 ng/ml, 
found in whole blood.! 

Phosphate: Although there has been much discussion 
on the role of sodium and calcium transport in the devel- 
opment and maintenance of high blood pressure, little 
attention has focused on the importance of phosphates in 
the pathophysiology of arterial hypertension. A few stud- 


ies have suggested that phosphate metabolism may be 
important. In a large epidemiologic study performed 12 
years ago, Ljunghall and Hedstrand?? found that serum 
phosphate concentrations were inversely related to both 
systolic and diastolic pressures in normal subjects. More 
recently, Gruchow et al*? showed that systolic blood pres- 
sure increased with higher dietary phosphate ingestion. 
Pharmacologic studies have also suggested that there are 
alterations in phosphate metabolism in spontaneously hy- 
pertensive rats,*4 and that long-term phosphate depletion 
in normal rats leads to an important improvement in 
vascular reactivity to various pressor amines.*> It was 


18ng.kg | 


180ug.kg | 


FIGURE 2. The relationship between the reduction in plasma phosphate levels and blood pressure in rats given different intrave- 
nous doses of indapamide with measurements taken up to 60 minutes after dosing.** (Modified from Plante, 1988.) 
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of placebo 


% 


FIGURE 3. Comparison of the change in circulating catechol- 
amine levels compared with placebo in patients treated with 
indapamide, 2.5 mg/day, for 3 months.2> (Modified from Car- 
etta et al, 1988.) 


therefore of some interest to find that, unlike thiazide 
diuretics, indapamide, although at diuretic doses, was 
found to increase the renal excretion of phosphate and 
subsequently to reduce vascular reactivity. Further 
studies on rats, in which lower, nondiuretic doses (1.8 to 
180 wg/kg intravenously) were used, confirmed that in- 
dapamide significantly increased the fractional phos- 
phate excretion up to 68%.°’ This action was considerably 
more marked than the relatively weak effect of indapa- 
mide on fractional sodium excretion where only a maxi- 
mal 4% incremental change was found. In addition, there 
was a reduction of inorganic phosphate in kidney cortex 
and skeletal muscle by approximately 50% and plasma 
phosphate levels up to 35%. Only small, nonsignificant 
reductions in plasma, calcium and sodium were observed. 
The finding that these reductions in plasma phosphate 
are directly related to the reductions in blood pressure 
(Fig. 2) and that similar results have been found in hyper- 
tensive patients?’ raises the question of the importance of 
phosphate levels in the control patient with arterial hyper- 
tension. 

In humans, high doses of indapamide, 40 mg, in- 
creased urinary excretion of phosphate,*? but significant 
changes were not seen at lower doses administered for 1 
week“ or longer.*! Unfortunately, changes in phosphate 
metabolism have rarely been documented for other anti- 
hypertensive treatments, but where it has been measured, 
as in the case of hydrochlorothiazide, the reduction in 
blood pressure has not been accompanied by a change in 
phosphate levels. It is too early to say how important 
these findings are, whether they are specific to indapa- 
mide, or whether this is an important action of the drug. 
Clearly, more work needs to be done, but, as will be 
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discussed later, phosphate may also be involved in the 
decreased elasticity of compliance vessels, as seen in the 
elderly as a result of calcium hydroxyphosphate deposi- 
tion in association with elastin. 

Magnesium: Physiologically, magnesium is similar to 
potassium and most is reabsorbed in the kidney. Total 
body stores do not reflect plasma concentrations and both 
are required at critical levels to prevent cardiac arrhyth- 
mias.** Most diuretics stimulate renal excretion and low- 
er plasma levels of magnesium, thereby predisposing the 
heart to abnormal rhythms when concentrations decrease 
excessively.*? Indapamide, at the high dose of 40 mg, 
increased the urinary excretion of magnesium, and serum 
levels decreased.*? However, at the therapeutic dose, un- 
like most diuretics tested, indapamide did not modify 24- 
hour urinary magnesium.** Unfortunately, magnesium 
serum levels are rarely measured in clinical studies after 
long-term administration, but they remained unchanged 
after treatment for 3 months* and in patients treated for 
up to 2 months with renal disease. '® If this is confirmed in 
future studies, this conservation of magnesium may be a 
beneficial activity of indapamide. 


BLOOD PRESSURE CONTROL 

There is increasing evidence that blood pressure is not 
only controlled by the heart and the central nervous sys- 
tem, but also more directly in terms of vascular tone. This 
evidence includes a variety of locally acting vasodilating 
and vasoconstricting substances, some produced by the 
endothelium, including prostaglandins, endothelium-de- 
rived relaxing factor (EDRF), endothelium-derived con- 
stricting factor, local autacoids like bradykinin, hista- 
mine, substance P, circulating compounds like the cate- 
cholamines, vasopressin, oxytocin, atrial natriuretic 
polypeptide (ANP), or platelet-derived products such as 
adenosine phosphate, serotonin and thrombin. Although 
the physiologic role and the mechanism in which each 
factor interacts are not fully understood, it is clear that 
these agents may have a greater fundamental role in 
vascular tone than previously considered, particularly in 
the “fine tuning” of blood pressure on a minute-to-minute 
basis. It is therefore important to know, when treating 
hypertension, how a medicine interacts with the turnover 
of these regulatory substances and to see if some of the 
activity could be mediated, at least in part, by them. 

Circulating pressor substances: Diuretics and power- 
ful vasodilators like hydralazine have been shown to in- 
crease both plasma and urinary catecholamines by a re- 
flex stimulation of sympathetic nerve tone.*64 Although, 
overall, indapamide does not appear to change circulating 
plasma levels of either norepinephrine or epinephrine, 
there is an interstudy variability with some studies find- 
ing small increases (+8%)'*-48-49 and others finding de- 
creases of —23%*> (Fig. 3) and —7%.50 

Similarly, urinary norepinephrine may be in- 
creased.'*? The finding that plasma normetanephrine, 
reflecting the release of “active” norepinephrine from 
nerve endings, was reduced by 23% suggests that indapa- 
mide may have a sympathoplegic effect, reducing sympa- 
thetic catecholamine turnover.*? 





FIGURE 4. Comparison 
of the percentage change 
in plasma atrial natriuret- 
ic peptide (ANP) concen- 
trations after administra- 
tion of indapamide (16.5 
mg/kg, intraperitoneally) 
and furosemide (1.6 mg/ 
kg, intravenously) in nor- 
motensive rats.’ (Modi- 
fied from Oliver et al, 
1988.) 
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Indapamide, like the diuretics and calcium antago- 
nists, approximately doubles plasma renin activity,’ and, 
with a concomitant increase in aldosterone, !!°!:>2 reflects 
angiotensin II synthesis. This effect would blunt the anti- 
hypertensive activity, producing the flat dose-response 
curve observed with these drugs, and provides a rationale 
for the enhanced therapeutic efficacy when combined 
with angiotensin-converting enzyme (ACE) inhibitors. 

Endothelium-derived factors: From the initial work 
of Furchgott and Zawadski,>’ who showed that the pres- 
ence of an intact endothelium was necessary to produce 
vasodilation of the underlying vascular smooth muscle by 
acetylcholine, the role of EDRF in maintaining vascular 
tone has been established.5455 Such endothelium-depen- 
dent vasodilation occurs in all vascular tissue and in most 
animal species, including reptiles, suggesting a primitive 
evolutionary origin.°© Although EDRF may be a mixture 
of compounds,’ the major component seems to be identi- 
cal to nitric oxide.°*>? It is interesting that nitric oxide is 
also the active metabolite of the nitrovasodilators, acting, 
as does EDRF, through stimulation of soluble guanylate 
cyclase, raising levels of cyclic guanosine monophosphate 
(GMP) and reducing intracellular free calcium.® How- 
ever, it is very unstable with a half-life of approximately 
30 seconds, and is inactivated by oxygen-free radicals. 

Inadapamide, in combination with indomethacin to 
eliminate the involvement of prostaglandins, significantly 
augments the endothelial-dependent vasorelaxation ef- 
fects of bradykinin and adenosine diphosphate in canine 
femoral arteries when the endothelium is contracted with 
prostaglandin Fq.>° 

This effect cannot be explained by a direct release of 
EDRF, and further work has shown that this is probably 
an indirect action through the release of prostacyclin 
from the endothelium which can, by a positive feedback 
mechanism, modulate the activity of EDRF and GMP 
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through an enhancement of intracellular cyclic AMP.°! 
How important this mechanism of action is for the blood 
pressure-reducing properties of indapamide is not 
known, but certainly there are suggestions that EDRF or 
the lack of it may be implicated in clot formation, myo- 
cardial infarction, lipid deposition and atheroma, coro- 
nary vasospasm, subarachnoid hemorrhage, and the 
modulation of the vascular smooth muscle, particularly in 
resistance vessels,°* although much of this work has been 
undertaken in animals. More recently, in vivo studies 
have shown that EDRF does play an important role in the 
control of venous tone in humans.®? 

Atrial natriuretic polypeptide: Although, for many 
years, morphologists of atrial cells had observed secretory 
granules,°*®> it was a further 20 years before the active 
components were identified as a class of polypeptides 
known as atrial natriuretic factor or peptide.°° Within a 
few years, the peptide was isolated®’ and the amino acid 
sequence determined,®* synthesized®’ and finally 
cloned.’”? The remarkable fact about this compound is 
that although there is a large amount of information on 
its identity, its location, and its basic properties of vasore- 
laxation, diuresis and natriuresis, its precise mode of ac- 
tion is poorly understood. It seems to act as an antiangio- 
tensinogenic, as the body’s natural diuretic hormone, by 
counteracting the aldosterone-renin-angiotensin system, 
since it inhibits aldosterone synthesis, renin and vasopres- 
sin release.’' Although the mechanism by which ANP is 
released from the heart remains unresolved, it is thought 
to occur during atrial distension, since there is an eleva- 
tion of plasma ANP levels under conditions when this 
occurs, such as cardiac failure’? or tachyarrhythmias. ”° 
ANP receptors have been located in brain, adrenals, renal 
tubules and blood vessels, and it is probable that it acts 
through the second messenger, GMP, within the cell. 
Certainly, there is a significant increase in GMP in blood 
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and urine when ANP is injected peripherally.’* The exact 
role of ANP in the control of blood pressure is unknown, 
but there is accumulating evidence that, in association 
with many other transmitters and hormones, it may be 
important, since levels are often elevated in hypertensive 
patients. Intravenous infusions in both normal volunteers 
and hypertensive patients reduce blood pressure and 
heart rate in some’? but not all,’® but diuresis and natri- 
uresis occurred in both groups and were exaggerated in 
the hypertensive patients. Although there were no signifi- 
cant changes in plasma renin activity, dopamine and epi- 
nephrine, there were significant increases in aldosterone, 
epinephrine and hemoconcentration in both groups, but 
only an increase in plasma arginine-vasopressin in the 
hypertensive patients. Taken together, these results sug- 
gest that ANP may play an important role in body fluid 
homeostasis, with extravascular fluid shifts,’’ diuresis 
and natriuresis, but with higher ANP levels leading to 
volume expansion and hypertension. Conversely, ANP 
may also reduce blood pressure by a direct action on 
vascular smooth muscle.’> 

Indapamide has recently been shown to interact with 
ANP metabolism. When spontaneously hypertensive rats 
were given indapamide for 10 days (10 mg/kg), blood 
pressure was reduced but with no change in plasma levels 
of urea, creatinine, sodium or chloride. However, there 
was a change in the ANP receptor binding in the kidney 
measured by the specific binding of !*°I-ANP.’° In com- 
parison with nontreated hypertensive controls, there was 
an increased affinity for ANP binding sites after indapa- 
mide treatment but with a reduction in maximal binding. 
This latter effect may be due to a down-regulation of 
receptors caused by the hypotensive activity of the drug. 
In another study, indapamide was compared with furose- 
mide after acute and long-term treatment (3 weeks). 
Both drugs, after single doses, caused an immediate de- 
crease in ANP levels but without a change in the intravas- 
cular volume or hematocrit (Fig. 4). This reduction in 
ANP was thought to be due to a reduction in arterial 
distension brought about by a decrease in cardiac preload 
together with a change in peripheral capacitance as a 
consequence of the vasodilation of vascular smooth mus- 
cle. 

However, after long-term treatment in this study at 
high doses, 33.3 mg/kg indapamide and 1.6 mg/kg furo- 
semide, there was no change in atrial levels of ANP, nor 
were there any differences in receptor binding on the 
kidney as shown by autoradiography. It is apparent that 
more work is needed in this area to see how indapamide 
and other drugs, during long-term treatment at hypoten- 
sive doses, may modify the ANP levels and activity, and 
how important this peptide is in causing vascular disten- 
sion or in merely indicating that it has occurred. 


CARDIOVASCULAR PROTECTION 

We are becoming increasingly aware that the body 
has many interrelated systems that protect the cardiovas- 
cular system against damage. Under normal situations 
(e.g., to stop bleeding), platelet aggregation leads to 
thrombus formation to form a cellular plug at the site of 
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vessel injury. Inappropriate thrombus formation, on the 
other hand, in an atherosclerosed coronary artery, will 
lead to myocardial infarction and death. The production 
of oxygen-free radicals by leukotrienes in granulocytes 
disrupts the cell membranes of invading organisms and is 
part of the normal defense mechanism against infection. 
Unfortunately, as the body gets older and diseases occur, 
the granulocytes mistake small lesions in vessels or organs 
for foreign protein and attempt to remove them by their 
phagocytic mechanism, thereby further damaging the 
tissue. This is certainly a concern in cardiovascular dis- 
ease, in which antihypertensive drug therapy, although 
significantly reducing the incidence of strokes, has had 
little clearly demonstrable effect on coronary artery dis- 
ease.’?:5° In this case, the progression of platelet aggrega- 
tion, microthrombi, lipid deposition, plaques, atheroscle- 
rosis, and rigidity and narrowing of vessel wall leads to a 
reduced blood flow, hypoxia, reperfusion-free radical 
damage on one hand, or the regrowth and proliferation of 
damaged vascular and endothelial cells, with subsequent 
inefficient protection by the new endothelium, on the 
other. Clearly, any antihypertensive agent that not only 
decreases blood pressure, but also provides some protec- 
tion against these pathologies may have distinct advan- 
tages. 

Prostaglandins: The role of prostaglandins and, in 
particular, prostacyclin and thromboxane Ao, in the con- 
trol of homeostasis is now well established. Any antihy- 
pertensive treatment that at least maintains or actually 
enhances the antithrombotic and vasorelaxant activity of 
the prostaglandins is desirable. At low doses (3 X 107% 
mol/liter) in vitro indapamide significantly increases the 
synthesis of prostacyclin in sheep seminal vesicle micro- 
somes, whereas furosemide, and hydrochlorothiazide at 
doses up to 1074 mol/liter, had only a weak activity; 
spironolactone, in contrast, inhibited prostacyclin synthe- 
sis.5'! In addition, indapamide inhibited the synthesis 
of thromboxane A, from human platelet microsomes, 
whereas the other compounds weakly stimulated its syn- 
thesis.** In spontaneously hypertensive rats, Izumi et al®3 
and Honda et alët also showed that as indapamide (2 mg/ 
kg/day administered orally for 2 weeks) reduces blood 
pressure, particularly after 7 days, there is a concomitant 
significant increase in the urinary excretion of 6-keto 
PGF iq, a stable metabolite of prostacyclin (Fig. 5). This 
suggests that alterations in the prostanoid turnover may 
be involved in the antihypertensive action of indapamide, 
possibly by reversing the decrease in synthesis of prosta- 
cyclin from the vascular smooth muscle of hypertensive 
animals." Recently, Numabe et al®® confirmed these 
findings using cultured vascular smooth muscle cells from 
the aorta of spontaneously hypertensive rats. Indapamide 
at physiologic concentrations increased the synthesis of 
the vasorelaxant 6-keto PGF)q by 7% at 1077 mol/liter 
and significantly by 21% at 1075 mol/liter. Thromboxane 
A> release was reduced at all concentrations from 107°? to 
1075 mol/liter by approximately 13% but this did not 
reach statistical significance. 

In contrast, furosemide and the thiazide trichloro- 
methazide reduced PGF \q synthesis by 13 and 28%, re- 
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FIGURE 5. The relationship between the decrease in blood pressure (triangles) and increase in urinary excretion of 6-keto- 
PGF 1 (circles) in spontaneously hypertensive rats (n = 8) receiving indapamide (2 mg/kg/day) for 2 weeks compared with a 


control group. *p <0.01.83 (Modifed from Izumi et al, 1986.) 


spectively, and increased thromboxane synthesis by 45 
and 32%, respectively, at the highest dose (Fig. 6). Simi- 
larly, in 11 patients with uncomplicated hypertension 
successfully treated with indapamide, 2.5 mg daily for 6 
weeks, after a 3-week placebo run-in period, there was a 
62% increase in the vasodilating prostanoid PGF 2 and a 
significant 43% increase in PGE>.°**’ Indapamide also 
inhibits the contractions elicited by PGF q in rabbit vas- 
cular smooth muscle preparations and the effect was not 
blocked by atropine, propranolol or aminophylline." It is 
difficult to know with the available evidence how the 
prostacyclins fit into the complex interactive regulation of 
the blood pressure control. They are certainly widely dis- 
tributed throughout the body, particularly in the lungs 
and kidney, and are synthesized (especially prostacyclin) 
in vascular endothelial cells in response to various stimuli 
including histamine, thrombin and angiotensin II. Their 
protective effects against platelet aggregation are well 
established, but their involvement in the control of vascu- 
lar tone is less clear, although there is increasing evidence 
of their inhibition of various vasoconstrictor substances 
like thromboxane A, and their positive interaction with 
EDRF. They probably reduce blood pressure by (1) a 
direct action of vascular smooth muscles, (2) reducing 
release of neurotransmitters from nerve endings and vas- 
cular responsiveness, (3) stimulating the vasodilator and 
natriuretic activity of the kinins®**; and (4) regulation of 
sodium excretion. They may also increase blood pressure 
by stimulating renin secretion (PGI2) and vasoconstric- 
tion (PGF, and thromboxane A2). Certainly, pretreat- 
ment with the cyclooxygenase inhibitor indomethacin, 
which, among other activities, blocks the formation of 


prostacyclin, reduces the action of indapamide (Delbarre 
B, personal communication) and other antihypertensive 
agents, suggesting a primary role for prostacyclin in the 
control of blood pressure. It has been reported that part of 
the hypertensive activity of the loop diuretics may also be 
mediated by a synthesis of prostanoids from the vessel 
wall.” 

Platelets: There is now substantial evidence to impli- 
cate platelets as one of the initiating factors in the devel- 
opment of atherosclerosis and myocardial infarction.” In 
addition, hypertension and diabetes lead to a hyperadhe- 
siveness and aggregation, increasing the risk of vascular 
complications.?!:?? Recently, it has been shown that inda- 
pamide, unlike antihypertensive diuretics, may interact in 
the process of platelet aggregation.”*?4 With use of either 
human or rabbit platelets, indapamide (2 to 8 X 1074 
mol/liter) has been shown to inhibit phase 2 of the bi- 
phasic platelet aggregation induced by epinephrine, colla- 
gen, arachidonic acid, thrombin, and, to a lesser extent, 
adenosine diphosphate, but to have no effect on phase 1 
(Fig. 7). 

This secondary aggregation is thought to be due to the 
synthesis of thromboxane A>, but because indapamide 
had no effect either on labile aggregation-stimulating 
subtance (LASS) (a mixture of PGH; and thromboxane 
A>) formation from arachidonic acid or on malondialde- 
hyde, an indirect measure of the formation of thrombox- 
ane A», it can be concluded that indapamide is not inhib- 
iting platelet aggregation by inhibiting thromboxane A» 
synthesis. However, in addition, indapamide inhibits the 
aggregation of LASS and U-46619, a thromboxane A2 
and PGH; agonist, and it is possible that indapamide may 
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FIGURE 6. Comparison of the release of PGl2 and thromboxane A2 from spontaneously hypertensive rat aortic strips after incu- 
bation with furosemide (squares), trichloromethiazide (circles) and indapamide (triangles). *p <0.05.°° TXA = thromboxane 
A2; VSMC = vascular smooth muscle cell. (Modified from Numabe et al, 1988.) 


act by blocking the thromboxane A2/PGH)p receptors, 
inhibiting calcium uptake, or by enhancing prostacyclin 
synthesis and release in the platelet. Certainly, recent 
studies have shown that indapamide may not directly 
stimulate PGI, synthetase activity, per se, but does inhib- 
it the reduction in its activity brought about by the free 
radical 15-hydroperoxyeicosatetraenoic acid, possibly by 
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its scavenging effects.”° There is the additional possibility 
that the reduction of oxygen-free radicals by indapamide 
may also be involved, because superoxide, but not hy- 
droxyl, anions have been shown to increase platelet adhe- 
sion and aggregation.”’ Although the concentrations used 
in some of these studies are higher than those found in 
blood and further studies are needed to understand the 


FIGURE 7. The reduction in 
human platelet aggregation 
induced by epinephrine (10 
uM) (circles) or adenosine di- 
phosphate (5 uM) (squares) 
after incubation of various 
concentrations of indapamide 
(*p <0.05; **p <0.01). 
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mechanism of action, this activity of indapamide is of 
some interest, since the hyperaggregation induced by 
adenosine diphosphate and epinephrine is present in pa- 
tients with essential hypertension, possibly because of 
their more elevated levels of catecholamines.”! 

In addition to their protective activity on vessel leak- 
age, the platelets also contain factors, platelet-derived 
growth factor, epithelial growth factor and transforming 
growth factors, which stimulate regeneration of the dam- 
aged endothelium. This plasma mitotic activity is en- 
hanced particularly in diabetic subjects, presumably be- 
cause of continual microangiopathy, but it is also higher 
in hypertension and with increasing age.?* This would 
seem to be a beneficial effect and is useful for isolated 
lesions. However, when such lesions become frequent, as 
occurs in disease or aging due to free radical damage, the 
proliferation of vascular smooth muscle tissue leads to 
new endothelium which no longer responds to various 
protective stimuli. Attention has focused on the ways that 
drugs may alter the levels of these factors within the 
circulation, particularly those that are currently used 
in treatment. Thus, insulin normalizes the excessive 
amounts of growth-promoting activity in platelets from 
type I patients and hydrochlorothiazide increases the ac- 
tivity in hypertensive rats.?* Indapamide, however, main- 
tains growth activity in young animals but tends to reduce 
it in the elderly animals that have higher activity. In 
hypertensive diabetic patients treated for 3 months, inda- 
pamide did not modify growth activity, whereas an in- 
crease occurred with hyudrochlorothiazide.”? This is an- 
other aspect of cardiovascular pharmacology that should 
be considered when choosing antihypertensive therapy, 
because continual regrowth leads, among other problems, 
to basement membrane thickening and eventual renal 
disease. 

Indapamide also increases the number of œ platelet 
receptors without altering the dissociation constant or 
binding affinity.!°° Although the exact mechanism and 
consequence of this effect is unclear, it is unlikely to be a 
nonspecific activity of blood pressure reduction, since not 
all antihypertensive drugs have this effect. It is more 
likely to be a result of reduction in sympathetic tone as 
indicated by the reduction of norepinephrine levels and 
enhancement of baroreceptor sensitivity found by these 
investigators.” 

Lipids: The reduced ratio of high-density lipoprotein 
(HDL) to low-density lipoprotein (LDL) cholesterol in 
the formation of atherosclerosis and subsequent coronary 
artery disease is well known, and in major countries 
throughout the world, educational advice is being given to 
reduce the dietary intake of foodstuffs containing saturat- 
ed fats. Because antihypertensive therapy may only mar- 
ginally improve coronary artery disease, it is essential 
that the drugs used to reduce blood pressure do not exac- 
erbate the situation by reducing the protective HDL/ 
LDL ratio. Although still open to some discussion, nonse- 
lective 8 blockers with no intrinsic sympathomimetic ac- 
tivity (ISA) appear to decrease the HDL/LDL ratio by 
reducing HDL levels, whereas selective drugs with ISA 
and the a blocker prazosin increase the ratio by decreas- 
ing LDL and increasing HDL concentrations.!!:! Cal- 
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FIGURE 8. The quenching of the stable free radical 1,1-diphe- 
nyl-2-picrylhydrazyl by different concentrations of indapamide 
(open circles), 5-hydroxy-indapamide (closed circles), a-to- 
copherol (triangles) and trichloromethazide (squares)./°® 
(Modified from Tamura et al, 1987.) 


cium antagonists, ACE inhibitors and methyldopa do not 
appear to change the ratio.!°2 Similarly, it appears from 
the many studies undertaken with indapamide, in pa- 
tients treated from 3 to 24 months, that there is no change 
in either the levels of HDL and LDL cholesterol or tri- 
glycerides, 103-105 

Oxygen-free radicals: The formation of the highly 
reactive, but short-lived, species of oxygen called the su- 
peroxide or oxygen-free radical, with its added orbital 
electron, has now been implicated in many diseases and 
cardiovascular problems, including reperfusion injury to 
vascular and cardiac smooth muscles, atherosclerosis, 
adult respiratory distress syndrome, renal failure, arthri- 
tis, and general aging of the body. Although they may 
have several activities, e.g., acting as a messenger to at- 
tract granulocytes, the main effect is to induce lipid per- 
oxidation of the unsaturated fats within the phospholipids 
of the cell membrane. Such damage to the cell wall causes 
leakage of potassium and various enzymes, leading to 
reduced cellular energy and adenosine triphosphate, hyp- 
oxia, edema, and eventual necrosis and cell death. There 
is intense research activity to find compounds that will 
reduce these free radicals, since they are implicated in 
such a variety of diseases. However, with the possible 
exception of trimetazidine, an oxygen-free radical scav- 
enger and protector!°:!°7 used for angina, cochliovestibu- 
lar disease and retinopathy, few have yet found wide- 
spread use. Others include allopurinol, which inhibits the 
xanthine oxidase conversion of hypoxyxanthine to the 
superoxide (although this has only a weak activity in 
humans), superoxide dismutase or catalase (enzymes 
that degrade the free radicals) and a-tocopherol, an anti- 
oxidant, but these are recent innovations that have not 
been fully tested and have not found general use. Recent- 
ly, it has been shown that indapamide and one of its major 
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metabolites, 5-hydroxyindapamide, possess free radical 
quenching activity,'°® and the effect has been compared 
with a known free radical scavenger a-tocopherol and a 
thiazide antihypertensive, trichloromethazide. Both inda- 
pamide and its metabolite were shown to quench the 
stable free radical 1,1-diphenyl-2-picrylhydrazyle in a 
concentration-dependent manner comparable to that of 
a-tocopherol, while trichloromethazide was found to be 
inactive (Fig. 8). 

Similarly, indapamide, its metabolite, and a-tocoph- 
erol were able to inhibit the peroxidation of linoleic acid 
by the superoxide produced by hypoxanthine-xanthine 
oxidase, and the reduced nicotinamide-adenine dinucleo- 
tide phosphate-induced lipid peroxidation of rat liver mi- 
crosomes. In another experiment using hemolysis of the 
human erythrocyte cell membrane by the free radical 
2,2’-azobis (2-amidopropane) dihydrochloride as a mea- 
sure of membrane lipid peroxidation, indapamide, at a 
physiologic concentration of <1L~° mol/liter, was able to 
inhibit the oxidative damage to the red cell membrane. 
The 5-hydroxy metabolite in this experiment was slightly 
more active than either the parent drug or a-tocopherol, 
whereas trichloromethazide was again without activity in 
any of these experiments. Why indapamide and its me- 
tabolite should have this protective effect against free 
radical damage is unknown, but it does not occur with the 
thiazide trichloromethazide and may be a consequence of 
the methyl-indoline substitution of the chlorosulfonamide 
molecule. 

Elastin and vessel rigidity: Although rarely consid- 
ered as important in the pathogenesis of cardiovascular 
disease, elastin, a major polypeptide of connective tissue, 
found in most organs in the body, may play a fundamen- 
tal role in atherosclerosis, reduced vascular compliance, 
and hypertension due to aging.'°? As one of the most 
unusual proteins found in nature, it is the body’s natural 
rubber or elastomer substance and, in combination with 
collagen microfibrils, is associated with the continuous 
elastic lamella, the adventitia, sandwiched between the 
intima and media forming the arteries.'!° Changes in the 
formation and content of elastin in vascular smooth mus- 
cle and the incorporation of certain ions leads to rigidity 
of the vascular smooth muscle and, in addition, becomes a 
focus for lipid plaques. It is now well recognized that 
during aging, calcium and phosphate become intimately 
associated with elastin through neutral binding sites, 
forming calcium hydroxyapatite crystals that lead to cal- 
cium levels in the vasculature some 50 times higher in 
older patients than in younger controls.''! In addition, 
during the aging processes, the relative ratio of elastin to 
collagen is reduced, partly because of reduced synthesis, 
but also because of the enhanced hydrolytic degradation 
of the elastin endogenous elastase.!!* This combination of 
events is likely to lead not only to a lack of vascular 
compliance and subsequent higher systolic blood pressure 
found in the elderly, but also to a stimulation of lipid 
infiltration, and subsequent atherosclerosis due to deposi- 
tion of cholesterol around the apatate crystals.!!3:!!4 It is 
therefore of some interest that indapamide both reduces 
the uptake of calcium into the cell?! and binds preferen- 
tially to pure elastin, producing levels 40-fold higher than 
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in buffer medium.!'!> In contrast, the binding to collagen 
is low. This provides a rationale to explain why the drug is 
taken up by arterial smooth muscle and could also sug- 
gest that indapamide may positively influence the calci- 
um-phosphate-elastin interaction. Certainly, the phos- 
phaturic action of indapamide*’ to reduce phosphate 
plasma and organ levels further suggests that the drug 
may play a protective role against the aging development 
of arterial hypertension and atherosclerosis. However, 
more work is needed to investigate these possibilities. 

Arterial compliance: As discussed previously, the vas- 
cular smooth muscle becomes more rigid and less disten- 
sible with increasing age because of the structural 
changes of increased media thickness and a lower elastin/ 
collagen ratio.'!® The subsequent arterial stiffness and 
loss of compliance reduces the cushioning function of the 
ventricular pulsatile ejections leading to left ventricular 
hydraulic load wall stress and adverse effects on myocar- 
dial oxygen consumption. The higher pressure generated 
at the peak of ventricular ejection increases systolic pres- 
sure and this, rather than increased diastolic pressure, is 
the major risk factor in strokes, cardiac failure and other 
cardiovascular mortalities.''!’:!'® Because the viscoelastic 
arterial wall becomes stiffer as it is distended, the pres- 
sure-volume relationship is curvilinear and arterial com- 
pliance can only be defined for a given pressure. 

Arterial compliance is therefore measured by use of 
propagative models of the pulse wave velocity. In an 
analogous fashion to changes in left ventricular hypertro- 
phy, certain calcium antagonists and ACE inhibitors re- 
duce pulse wave velocity in association with a reduction in 
blood pressure, whereas dihydralazine drugs do not, 
which suggests that there is a dissociation of the 2 activi- 
ties. The effect of indapamide (10 mg/kg orally) on ca- 
rotid artery compliance has been measured in normoten- 
sive Wistar rats and those made hypertensive by removal 
of 1 kidney and given deoxycorticosterone acetate-saline 
for 2 weeks.!!? Treatment with indapamide produced a 
significant improvement in carotid artery compliance in 
both groups compared with placebo but the effect was 
greater in the hypertensive (+30%) than in the normoten- 
sive rats (+18%). This difference was augmented when 
the rats were challenged with potassium cyanide, which 
removes vascular muscle tone. Thus, there remained a 
reserve of carotid artery compliance in normotensive rats 
that was not seen in the hypertensive rats. In hypertensive 
patients (n = 9) treated for 12 weeks, there was little 
change in blood flow velocity but a maximal increase 
occurred in volume flow (+24%), a decrease was seen in 
forearm vascular resistance (—28%), and an increase was 
seen in pulse wave velocity (+9%), but these did not reach 
statistical significance, possibly because of the large inter- 
subject variability. Other studies are required to investi- 
gate these effects more fully; they have important conse- 
quences for cardiac pathology, particularly left ventricu- 
lar hypertrophy. 

Left ventricular hypertrophy: Hypertrophy and in- 
creased mass of the left ventricle are thought to be a 
consequence of high systolic blood pressure, particularly 
when it exceeds 180 mm Hg,'?° and a consequence of 
pressure distension and overload, although the exact 





TABLE Il Effect of Indapamide (2.5 mg) Treatment on Various Indexes of Left Ventricular Hypertrophy Measured by M-Mode 


Echocardiography 


No. of 
Subjects 


Treatment 


Reference (weeks) 


14 

9 

9? young 
11° old 

8 Ress 

5 Non? 
18 


Mean + SD 


* p <0.05. 

a Mean + SD age is 40 + 11 years. 

> Man + SD age is 70 + 7 years. 

© Responders. 

4 Nonresponders had 23 to 40% lower drug plasma levels than responders 


LVEDD 
(A%) 


LVESS 
(A%) 


LVMI > LVESD 


(A%) 


LVEDD = left ventricular end-diastolic dimension; LVESD = left ventricular end-systolic dimension; LVESS = left ventricular end wall stress; LVMI = left ventricular mass index; SD = 


standard deviation. 


mechanism leading to this pathology is unknown. Wheth- 
er by a direct or indirect association with hypertension, 
left ventricular hypertrophy is a strong predictor of sud- 
den death with a greater incidence and severity of myo- 
cardial infarction, heart failure and cardiac rupture.'?! It 
could therefore be expected that all drugs that reduced 
blood pressure should, in principle, reduce left ventricular 
hypertrophy, but this does not appear to be the case. 
Those that do include 8 blockers,!?>!3 ACE inhibi- 
tors,!24 methyldopa!?> and some calcium antagonists.!?? 
For others, like the diuretics, the effect is equivocal,'*° 
and with the powerful vasodilators minoxidil and hydral- 
azine, there may be increases in left ventricular hypertro- 
phy, despite blood pressure reductions.'*°!7’ This is 
thought to be due to an increased sympathetic tone with 
higher circulating levels of catecholamines.'** Indapa- 
mide in all studies undertaken has shown a reduction in 
most indexes of left ventricular hypertrophy (Table IJ), 
including left ventricular mass index (—11%), left ven- 
tricular end-systolic and end-diastolic dimensions (—5%), 
and left ventricular end-wall stress (—11%), indicating a 


diminished afterload. This improvement in left ventricu- 
lar hypertrophy was achieved without a deterioration in 
myocardial work or systolic performance as measured by 
the velocity of the left ventricular circumferential fiber 
shortening (Table IT).!2?:!3!:!32 The change in left ventric- 
ular hypertrophy with indapamide, like blood pressure, !?> 
seems to be related to the initial levels, since there was 
only a 6% reduction in young subjects with an initial left 
ventricular mass index of 107 g/m? but a 14% reduction 
in older subjects with left ventricular mass index of 137 
g/m*. There has been some discussion as to whether 
drugs that reduce left ventricular hypertrophy do so by 
their antihypertensive activity, per se, or by some im- 
provement in sympathetic tone.'*° Leenen et al'* found 
that subjects who had a significant reduction in blood 
pressure also had a significant reduction in left ventricu- 
lar hypertrophy, but those who had subtherapeutic drug 
levels had neither reduced blood pressure nor reduced left 
ventricular hypertrophy. 

In contrast, Komajda et al!3! found an improvement 
in left ventricular hypertrophy for all patients after 6 


FIGURE 9. Individual changes in left ventricular mass index (LVM) (a) and the relationship with reduction in blood pressure (b) 
after 6 months of treatment with indapamide, 2.5 mg.!21 MO = month 1; M6 = month 6; N.S. = not significant; SBP = systolic 


blood pressure. (Modified from Grosgogeat, 1989.) 
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months’ treatment with indapamide (Fig. 9), but this was 
unrelated to the decrease or final blood pressure and may 
be due to the variability in measuring the awake blood 
pressure. Other measures of blood pressure, such as diur- 
nal systolic blood pressure or blood pressure during exer- 
cise, may be more appropriate to find a correlation with 
the effects on left ventricular hypertrophy. 

Stroke and cerebral ischemia: Since the advent of 
antihypertensive therapy, the incidence of cerebral hem- 
orrhage as a major cause of stroke is declining. Instead, 
minor strokes due to cerebral ischemia, which may be 
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FIGURE 10. Comparison of systolic 
pressure in spontaneously hypertensive 
rats (SHR) before (closed circles) and 
after (open circles) indapamide (3 mg/ 
kg, orally) and in normotensive rats 
(squares), (n = 8). **p <0.01 (signifi- 
cant difference from SHR before ad- 
ministration of indapamide). 138 


transient, isolated or repetitive, are occurring more fre- 
quently and are more difficult to diagnose.'** This reduc- 
tion in blood flow and supply of oxygen to the brain can be 
caused by thrombus formation and increases in sympa- 
thetic tone leading to vasoconstriction, which is accentu- 
ated by hypertension. Conversely, with hypotensive epi- 
sodes, particularly in hypertensive patients who are too 
rapidly treated with antihypertensive agents, ischemia 
may lead to strokes due to impaired cerebral perfusion. !35 
The elderly are especially at risk because the vascular 
smooth muscle is less compliant and unable to respond to 


FIGURE 11. Improvement in renal function in hypertensive diabetic subjects (n = 32) treated with indapamide, 2.5 mg/day, for 


2 months.!29 
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FIGURE 12. Interaction of inda- 
pamide in the pathology of the 
cardiovascular system. EDCF 

= endothelium-derived constrict- 
ing factor; EDRF = endo- 
thelium-derived relaxing factor; 
HDL = high-density lipoprotein; 
LDL = low-density lipoprotein; 
PDGF = platelet-derived growth 
factor; PGl2 = prostacyclin; 
TXAz2 = thromboxane A2. 


changing blood pressure and, in addition, baroreflexes are 
less sensitive. From a review of published reports and 
their own studies, Jansen et al!?> concluded that a signifi- 
cant number of subjects (10%) had signs of cerebral 
ischemia or stroke within 2 weeks of starting antihyper- 
tensive therapy. Analysis of their results show that these 
patients developed symptoms within 4 days after a mean 
reduction from 220/125 to 146/79 mm Hg, a decrease of 
36% in mean average pressure. This is equivalent to a 
daily reduction in blood pressure of 9 mm Hg. Strokes 
have rarely been reported with indapamide, and generally 
the drug is well tolerated in the elderly. Perhaps a reason 
for this is that the antihypertensive activity is gradual, 
taking several weeks to attain a maximal activity at a rate 
of change of approximately 0.3 mm Hg/day.!°° In addi- 
tion, indapamide tends to “normalize” blood pressure 
with the degree of blood pressure reduction proportional 
to the initial value!*? and does not tend to decrease blood 
pressure below 85 mm Hg diastolic. These combined 
actions tend to be favorable, not only for the elderly 
patient prone to cerebral ischemia, but also when consid- 
ering the apparent increase in myocardial ischemia noted 
with the “U-shaped” curve, associated with too aggres- 
sive a treatment of hypertension.'?’ In addition, indapa- 
mide (3 mg/kg orally) has been shown experimentally in 
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spontaneously hypertensive rats to significantly reduce 
the cerebral ischemia produced when there has been bi- 
lateral ligation of the carotid arteries (Fig. 10).'*° These 
workers have attributed this activity to a reduction in 
blood pressure without a change in heart rate and to 
reduction in sympathetic reactivity in these more sensi- 
tive hypertensive rats. 


RENAL CONSEQUENCES OF HYPERTENSION 
Another common complication of hypertension is an 
alteration in renal function. In the long term, hyperten- 
sion might induce a certain degree of renal failure and 
even, in some cases, severe renal impairment, with ana- 
tomic lesions of nephroangiosclerosis. In diabetic pa- 
tients, the renal involvement is more frequent, with an 
initial reversible microalbuminuria, developing to an irre- 
versible macroalbuminuria. It has recently been shown 
that indapamide significantly reduced microalbuminuria 
by 45% in 32 diabetic hypertensive patients treated for 2 
months (Fig. 11)!°9; this result could not be entirely ex- 
plained by a reduction in systolic blood pressure, suggest- 
ing a protective effect of indapamide on renal vascula- 
ture. These results have been confirmed in a study com- 
paring the effect of indapamide after 24 months of 
treatment in hypertensive type II diabetic subjects with 
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(n = 10) or without (n = 11) microalbuminuria.!*° In the 
normoalbuminuric patients, blood pressure was signifi- 
cantly reduced, but the albumin excretion rate, urinary 
IG; and glomerular filtration rate remained unaltered. In 
the microalbuminuric patients, however, there were sig- 
nificant reductions in blood pressure and in albumin ex- 
cretion rate and IG; without changes in glomerular filtra- 
tion rate. These findings are particularly important be- 
cause albuminuria is more than an indicator of renal 
disease and may also be considered as an independent risk 
factor for widespread cardiovascular damge and mortali- 
ty in diabetic patients.'*! 


CONCLUSION 

This review has attempted to bring together the more 
recent results found with indapamide, particularly with 
respect to the global cardiovascular risk associated with 
hypertension and the possible effects on all the mecha- 
nisms involved. In most instances (Fig. 12), indapamide 
either positively changes or at least leaves the normal 
physiologic protective mechanisms unaltered. Unlike the 
diuretics examined, indapamide stimulates the produc- 
tion of the vasodilator prostanoids and inhibits the syn- 
thesis of those that cause vascoconstriction. These in- 
creases in plasma prostacyclin probably lead to the en- 
hanced EDRF activity at the endothelium and the 
reduction of platelet aggregation. The quenching of free 
radicals would also increase EDRF activity by reducing 
its breakdown, reduce platelet aggregation, and protect 
the endothelium against lipid peroxidation, particularly 
during reperfusion and regrowth. Because indapamide 
binds to elastin and inhibits calcium and phosphate up- 
take into the smooth muscle cell, there is the possibility 
that it could reduce calcium apatate deposition and there- 
fore could reduce the incorporation of cholesterol into the 
vascular smooth muscle, but more studies are needed to 
explore this possibility. 

Long-term treatment with indapamide does not alter 
insulin or glucose metabolism,'** again reducing the risk 
of hyperglycemia reported with long-term diuretic thera- 
py and the potential damage of the vascular system. In 
addition, the metabolic effects of indapamide are also 
characterized by the absence of deterioration of lipid 
metabolism, an important advantage when compared 
with diuretics or 8 blockers with no ISA. 

Figure 12 attempts to interrelate some of the many 
known factors that participate in the progression of car- 
diovascular disease. Although the macrodeterminants of 
cholesterol and hypertension are well defined, to what 
degree each of the microeffects influences the whole sys- 
tem is unknown. In recent years, factors from platelets 
and endothelium have been found to be involved and 
science will continue to find more. However, although 
they may affect only a relatively small part of the whole, 
they should not be dismissed as unimportant. In aging, 
perhaps at the start of the disease, only one small part 
may be perturbed and, like the “butterfly effect” in deter- 
ministic chaos, this progressively changes the balance of 
the system over time until turbulence occurs, manifesting 
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itself as a pathologic event. It is for this reason that drugs 
that are used in the treatment of cardiovascular disease 
should be investigated in all systems to show at least that 
there is no change and, at most, that they are improved. 

The results from a number of large-scale studies show 
that antihypertensive therapy reduces blood pressure and 
reduces the incidence of strokes but has little effect on 
coronary artery disease, myocardial infarction and death. 
However, these studies used a minimum of antihyperten- 
sive drugs and at sometimes inappropriate doses. In addi- 
tion, some of these agents have been demonstrated to 
have some deleterious effects on associated cardiovascu- 
lar risk factors, such as lipid profile, glucose metabolism 
or left ventricular hypertrophy, so that the cardiovascular 
benefit that might have been expected from blood pres- 
sure control was blunted by other unwanted effects. In 
contrast, animal and clinical studies show that indapa- 
mide does not deteriorate and may actually improve 
many of the cardiovascular risk factors, an interesting 
potential for long-term use in hypertensive patients. Cer- 
tainly, a therapeutic agent like indapamide, with its ease 
of use, its widespread acceptance over many years, and its 
cardioprotective potential described here, needs to be in- 
vestigated further to see if it can fulfill these expectations 
as an ideal inexpensive treatment. 

Acknowledgment: We thank Julia Chatten for her 
perseverance, patience and pictorial skills undertaken in 
the preparation of this review. 
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Effects of Indapamide on the Mechanical 
Properties of the Arterial Wall in 
Deoxycorticosterone Acetate-Salt 

Hypertensive Rats 


Bernard |. Levy, MD, PhD, Pierre Poitevin, and Michel E. Safar, MD 


An experimental model of “‘in situ” isolated carotid 
artery has been used to evaluate the static mechan- 
ical properties of the arterial wall in 12-week-old 
Wistar and deoxycorticosterone acetate (DOCA)- 
salt hypertensive rats. The rats were made hyper- 
tensive by left kidney removal, DOCA (50 mg) tab- 
let implantation for 2 weeks, and saline diet (NaCl 
9%p solution as beverage). Normotensive control 
rats (n = 24) and DOCA-salt hypertensive rats 
(n = 24) received indapamide, 10 mg/kg, or placebo 
by gavage 12 hours and 1 hour before measure- 
ments were obtained. The rats were anesthetized 
(pentobarbital 50 mg/kg), intubated and ventilated, 
and a midsternal thoracotomy was performed. A 
first catheter was introduced into the ascending 
aorta through the right carotid artery. A perivascu- 
lar ultrasonic flow probe was placed around the as- 
cending aorta and allowing simultaneous recording 
of the phasic ascending aortic pressure and flow. 
Systolic and diastolic pressure, cardiac output and 
heart rate were directly measured. Peripheral re- 
sistance and systemic arterial compliance were cal- 
culated from hemodynamic records. After hemody- 
namic measurements, a segment of the left carotid 
artery was then isolated in vivo and its volume- 
pressure relationship was recorded before and 30 
minutes after total abolition of the vascular muscle 
tone by local incubation with a potassium cyanide 
solution (ACN) (100 mg/liter) for pressures ranging 
from 50 to 175 mm Hg. The carotid compliance 
(CC) (ul/mm Hg) was calculated, for every pressure 
step, as the slope of the volume-pressure curves. 

indapamide significantly reduced the arterial 
pressure in hypertensive rats, and this was related 
to a marked decrease in total peripheral resistance. 
Heart rate was not modified by indapamide. In con- 
trast, systemic arterial compliance was significant- 
ly increased by treatment with indapamide in the 
hypertensive group. 

Furthermore, there were significant differences 
in CC (mean + standard error of the mean) mea- 
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sured in Wistar and DOCA-salt animals. Maximal 
values of CC measured for pressure values close to 
the operating pressures in both groups were higher 
in the untreated DOCA-salt group than in the nor- 
motensive Wistar group (0.17 + 0.02 and 0.14 + 
0.01 ul/mm Hg, respectively, p <0.001). Maximal 
values of CC were increased by 32 and 30% after 
KCN poisoning in Wistar and DOCA-salt rats, re- 
spectively (p <0.01). The treatment by indapamide 
induced a significant increase in CC both in the nor- 
motensive and hypertensive groups (+18 and 
+30%, respectively, p <0.01). Although there was 
a reserve of CC in Wistar rats pretreated with inda- 
pamide (significant decrease in stiffness after KCN 
poisoning), there was no further increase in CC in 
hypertensive rats when KCN poisoning was per- 
formed after treatment with indapamide. 

These results suggest that (1) in the first weeks 
of hypertension induced by DOCA and salt diet, a 
significant decrease occurred in arterial stiffness 
possibly related to modifications in vascular con- 
nective tissues and in arterial vascular smooth mus- 
cle tone; and (2) acute treatment with indapamide 
induced an increase in arterial compliance in both 
normotensive and hypertensive rats. 

(Am J Cardiol 1990;65:28H-32H) 


hronic arterial hypertension is characterized 
f by major alterations in the structural and function- 
al properties of the arterial walls.!- The main pro- 
cesses involved are hypertrophy and hyperplasia of the 
smooth muscle, resulting in thickening of the media, and 
alterations of the proteins of the extracellular matrix.*° 
Both processes are responsible for stiffening the wall of 
the aorta and large arteries.67 
The mechanical properties of the wall of the aorta and 
the large arteries are one of the components of the after- 
load faced by the left ventricle and thus one of the deter- 
minants of the pressure-flow relationship in the arterial 
system.” A decrease in arterial compliance results in an 
increase in systolic and a decrease in diastolic blood pres- 
sures,'9-'* both changes that may be deleterious to the 
heart. Increased systolic pressure forms an extra load 
during cardiac ejection and decreased diastolic blood 
pressure may diminish the myocardial perfusion. 





Indapamide has diuretic and antihypertensive effects 
which have been known for a long time.'* One of the 
possible mechanisms of its antihypertensive action is an 
effect on the vascular tone and reactivity in resistance 
vessels.'!*-'© The aim of this work was to investigate the 
effects of indapamide on the mechanical properties of the 
large compliant arteries in deoxycorticosterone acetate 
(DOCA)-salt hypertensive rats. 


METHODS 

The experiments were performed in 12-week-old Wis- 
tar rats. Under pentobarbital anesthesia, 24 rats were 
rendered hypertensive by left kidney removal, DOCA 
tablet (50 mg) implantation and saline diet for 2 weeks 
(NaCl 9%o solution as beverage). The same number of 
rats (n = 24) were sham-operated and received standard 
diet during the same period. Normotensive and DOCA- 
salt hypertensive rats were then randomized to receive 
either indapamide, 10 mg/kg, or placebo orally 12 hours 
and 1 hour before hemodynamic measurements were ob- 
tained. 

Hemodynamic study: The rats were anesthetized with 
intraperitoneal pentobarbital (50 mg/kg) and a constant 
body temperature was kept by a thermostated operating 
table. After induction of anesthesia, the trachea was can- 
nulated and connected to a rodent respirator (model 680, 
Harvard apparatus, South Natick, Massachusetts). A 
midsternal throacotomy was performed, and then the 
ascending aorta and the root of the left carotid artery 
were exposed. Arterial blood pressure was first recorded 
through a right carotid catheter connected to a P231D 
pressure transducer (Statham, Gould, Cleveland, Ohio). 
A perivascular ultrasonic flow probe was placed around 
the ascending aorta and connected to a range-gated 20- 
MHz device. The simultaneous ascending aortic pressure 
and flow were then recorded. The systemic arterial com- 
pliance was estimated from phasic pressure and flow us- 
ing a simple resistance-compliance model of the systemic 
arterial compartment.!’ 

Mechanical study!*:19: The upper end of the left ca- 
rotid artery was catheterized with an 80-cm-long nylon 
tube (internal diameter 0.6 mm), filled with a solution of 
Tyrode with albumin (4%) and Evans blue (0.03%). The 
tube was connected to a manometer pressurized at ad- 
justable pressure levels. A 3-way tap was connected be- 
tween the manometer and the nylon tube, permitting a 
part of the tube to be filled in order to observe the position 
of the meniscus. The root of the left carotid artery was 
dissected and a removable clamp was positioned at the 
junction of the aortic arch and the carotid artery. This 
preparation allowed exclusion, in situ, of 18 to 20 mm of 
nonexposed carotid artery (Fig. 1). 

To start the measurements, the segment of isolated 
artery was submitted to atmospheric pressure for 5 min- 
utes and the position of the meniscus was noted. The 
artery was then submitted to a pressure step of 50 mm 
Hg. The movement of the meniscus, representing 
changes in the contained volume within the artery, was 
followed and noted every 10 seconds for 5 minutes. These 


Hemodynamic 
Parameters 


FIGURE 1. Representation of the experimental hemodynamic 
system. F = flow; P = pressure. 


measurements were repeated for pressures ranging from 
50 to 175 mm Hg by steps of 25 mm Hg. The static 
compliance of the isolated segment of artery (i.e., carotid 
compliance [CC] ul/mm Hg) was calculated for each 
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FIGURE 2. Top, carotid volume pressure curve recorded in 
untreated Wistar rats in control conditions and after poisoning 
of the smooth muscle by potassium cyanide (ACN). Bottom, 
carotid compliance (CC) vs transmural pressure obtained by 
derivation from the upper curves. 
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TABLE I Hemodynamic Results (Mean + SD) Obtained in Control Normotensive Rats and in Untreated and Treated (Indapamide 


10 mg/kg) DOCA-Salt Hypertensive Rats (n = 12 for Each Group) 


SBP CO 


(mm Hg) 


DBP 
(mm Hg) 


1. Normotensive 
2. Placebo 

3. Hypertensive 
Placebo 
Hypertensive 
Treated 


Statistical significance 
lvs2 
lvs3 
2vs 3 


p <0.05 
p <0.01 
NS 


(ml/min) 


TPR 
(mm Hg/ml/s) 


HR 
(beats/min) 


SAC 
(10-3ml/mm Hg) 


CO = cardiac output; DBP = diastolic blood pressure; HR = heart rate; NS = not significant; SAC = systemic arterial compliance; SBP = systolic blood pressure; SD = standard devi- 


ation; TPR = total peripheral resistance. 


level of pressure as the quotient of the volume increase 
and the pressure step imposed (25 mm Hg) (Fig. 2). 
The clamp on the carotid excluding the root of the left 
carotid artery was then removed and the artery was 
washed and filled with a saline solution of potassium 
cyanide (KCN, 100 mg/liter). The KCN solution was 
maintained in the carotid artery for 30 minutes, a period 
sufficient to poison the vascular smooth muscle.” After 
isolating the same segment of carotid as used previously 
by clamping the root again, the measurement of the pres- 
sure-volume relationship was performed in the KCN- 
treated vessel. 

Statistical analysis: Results are expressed as mean + 
1 standard deviation. A 2-way analysis of variance with 
repeated measurements was used to test differences relat- 
ed to experimental models or treatment and interaction, 
or a combination. Differences between groups were eval- 
uated using the Newman-Keuls test.?! 


RESULTS 

Table I summarizes the hemodynamic results ob- 
tained in normotensive and hypertensive rats. 
Untreated normotensive versus deoxycorticosterone 
acetate-salt hypertensive rats: The hypertensive rats 
had significantly higher cardiac output than the normo- 


TABLE Il Values of Carotid Compliance (CC) for the 100 to 
125 mm Hg Perfusion Pressure Step in Control and After KCN 
Conditions 


CC(ul /mm Hg) for 
100 to 125 mm Hg Pressure 


Control After KCN 


Normotensive 
Placebo 
Normotensive 
Treated 
Hypertensive 
Placebo 
Hypertensive 
Treated 


[0.137 
+ 0.047 
0.161 
0.036 
[p 0.145 
t 0.056 
0.212 
0.062 


l 


* p <0.05; ' p <0.01 
KCN = potassium cyanide; NS = not significant. 
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tensive control rats. In contrast, there were no significant 
differences between the peripheral reistance and the sys- 
temic arterial compliance calculated in untreated hyper- 
tensive and normotensive rats. Figure 3 shows the CC 
values measured between 50 and 175 mm Hg in the 4 
groups. Table II shows the CC values for a given pressure 
step in different groups and conditions. For the whole 
pressure range, CC was significantly higher in the un- 
treated hypertensive group than in the normotensive con- 
trol group (p <0.05). Similarly, after KCN poisoning, 
CC was higher in the untreated hypertensive group (p 
<0.05). 

Effects of indapamide: Gavage with indapamide in- 
duced a significant decrease in systolic and diastolic arte- 
rial pressure in DOCA-salt hypertensive rats. Cardiac 
output was not significantly increased by indapamide, 
and peripheral resistances were markedly reduced. The 
systemic arterial compliance was significantly increased 
by treatment in the hypertensive group. Similarly, both in 
normotensive and hypertensive rats, CC was significantly 
increased after treatment with indapamide (p <0.05 and 
p <0.01, respectively, Table II). 


COMMENTS 

DOCA-salt hypertension is a characteristic model in 
which the initial alteration is volume overload. Conse- 
quently, an increase in cardiac output is expected, as 
observed in the pressure study together with the signifi- 
cant increase in blood pressure. 

The main finding of the present study was the increase 
in CC observed in the untreated DOCA-salt hypertensive 
rats at each given value of blood pressure compared with 
that in the normotensive Wistar rats, indicating an active 
response of the hypertensive arterial wall. The increase in 
compliance despite a significant increase in systemic 
pressure is difficult to explain. An increase in total vascu- 
lar compliance after a volume overload could be a com- 
pensatory mechanism partially limiting the increase in 
the heart-filling pressure. Increased arterial compliance 
could also be a compensatory mechanism at this early 
phase of hypertension. This has been evidenced by Cox”? 
in the same experimental model and related to a decrease 





in the collagen content of the arterial media. Cox suggest- 
ed that during the early stage of hypertension, the wall 
stress to which the smooth muscle cells are subjected is 
increased. This could promote a modification of the rate 
of synthesis or degradation of arterial wall connective 
tissue elements in such a fashion that the ratio of collagen 
to elastin decreases, resulting in an increased compliance. 
Our results in CC after KCN poisoning of the smooth 
muscle, and thus no more active tension in the media of 
the carotid artery, confirm this interpretation. This re- 
sponse of the arterial wall would represent an attempt by 
the smooth muscle to maintain some hemodynamic or 
mechanical variable constant despite the increase in 
mean arterial pressure. Such a response would represent 
a form of structural autoregulation. 

Whereas the increase in compliance in DOCA-salt 
hypertensive rats affected only the carotid artery and not 
the systemic circulation, a significant increase in both 
systemic and CC was observed after administration of 
indapamide. The increase in CC was observed at any 
given value of transmural pressure, indicating that the 
compliance enhancement was drug induced and not pres- 
sure induced. The increase in arterial compliance was 
associated with a significant decrease in peripheral resis- 
tances, indicating that drug-induced changes were locat- 
ed in both the small and large arteries. Similar results 
have been observed in humans with a reset of the brachial 
artery-blood pressure relationship, indicating drug-in- 
duced changes in the arterial wall.” 

Prostacyclin (PGI), a product of arachidonic acid 
metabolism,”*-2’ is one of the determinants of local vascu- 
lar smooth muscle tone. In a recent work, Izumi et al?’ 
showed that indapamide induces changes in PGI) pro- 
duction in spontaneously hypertensive rats. The relaxing 
effect on the vascular smooth muscle produced by inda- 
pamide could be mediated by changes in PGI, produc- 
tion. 

In conclusion, our results suggest that (1) in the first 
weeks of hypertension induced by DOCA and salt diet, a 
significant decrease occurred in arterial stiffness, possibly 
related to modifications in vascular connective tissues and 
in arterial vascular smooth muscle tone; (2) acute treat- 
ment with indapamide induced an increase in arterial 
compliance both in normotensive and hypertensive rats, 
associated with a significant antihypertensive effect; and 
(3) the relaxing effect on the arterial smooth muscle 
could be mediated by local changes in PGI, production. 
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Cardiovascular Effects of Antihypertensive 
Drugs — Involvement in the Therapeutic Choice 


Manuel Luque-Otero, MD, and Carmen Fernandez-Pinilla, MD 


Hypertensive patients are at an increased risk of 


developing cerebrovascular and cardiovascular dis- 
ease. Treatment has resulted in a substantial re- 
duction in cerebrovascular deaths but not in cardio- 
vascular mortality. As the number of deaths from 
myocardial infarction exceeds the sum of all other 
hypertension-related mortalities, these results are 
disappointing. The hypothesis that metabolic side 
effects of many antihypertensive drugs offset the 
potential benefit of decreasing blood pressure is of 
particular interest. In established hypertension 
there is an increase in total peripheral resistance. 
Long-term therapy with diuretics decreases vascu- 
lar resistance. This is also evident with dihydropy- 
ridine calcium antagonists, vasodilators, angioten- 
sin-converting enzyme inhibitors and a blockers. 
In patients with hypertension, an increased wall to 
lumen ratio occurs in resistance vessels where 
mechanisms such as smooth muscle hypertrophy 
and increased amounts of elastin and collagen are 
present. In small resistance vessels, long-term anti- 
hypertensive therapy has a positive effect, but the 
effect in large arteries is variable. 

(Am J Cardiol 1990;65:33H-36H) 
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of death in the industrialized world. During the 

last 20 years, several epidemiologic studies have 
identified risk factors for this disease: arterial hyperten- 
sion, hyperlipidemia, diabetes mellitus, cigarette smok- 
ing, and an increased dietary intake of saturated fats. 
The association of 2 or more of these risk factors results in 
a synergistic rather than an additive effect on a patient’s 
cardiovascular risk. Essential hypertension has long been 
associated with an increased occurrence of cardiovascular 
disease. Both cerebral hemorrhage and cerebral infarc- 
tion are very strongly correlated with the level of blood 
pressure. In the Framingham study, borderline hyperten- 
sives (patients with blood pressure between 140/90 and 
160/95 mm Hg) exhibited a morbidity ratio for stroke of 
85 per 1,000 patient years, and those with pressure great- 
er than 160/95 mm Hg had a ratio of 207 per 1,000 
patient years, whereas normotensives with a blood pres- 
sure of less than 140/90 mm Hg had a morbidity ratio of 
45 per 1,000 patient years. Thus, hypertensive patients 
had a 4 to 6 times higher incidence of stroke than did 
normotensive subjects.* Similar results have been found 
for coronary artery disease, the risk being 2 to 2.5 times 
higher in hypertensive patients than in normotensive con- 
trols. ! 

Active treatment of hypertension as a preventive mea- 
sure has proved effective. However, the beneficial effects 
have been mainly due to a reduction in cardiovascular 
complications other than coronary artery disease. Cere- 
brovascular disease has the most consistent response to 
blood pressure reduction. The placebo-controlled trials of 
antihypertensive therapy, mainly using diuretics or 6 
blockers as first-line drug treatment, have shown that 
such therapy reduces the incidence of stroke by an aver- 
age of 45%.° This percentage of reduction was greater 
(67%) in the earlier trials such as the Veterans Adminis- 
tration trials, which included patients with the highest 
pretreatment blood pressures. The reduction in the num- 
ber of strokes was approximately of the magnitude ex- 
pected from the reduction of blood pressure, suggesting 
that the risk of stroke is reversible with treatment. In 
contrast, antihypertensive therapy appears to have less 
effect on morbidity caused by coronary artery disease 
than on cerebrovascular complications.> Most trials of 
antihypertensive therapy have generally shown either no 
change or small reductions in the incidence of myocardial 
infarction, in contrast with the expected reduction of 25 
to 30% derived from the magnitude of reduction in blood 
pressure and the slope of the relationship between blood 
pressure and risk of myocardial infarction.® As the num- 
ber of deaths from myocardial infarction alone exceeds 


(iann disease remains the leading cause 
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the sum of all other hypertension-related deaths, these 
results are disappointing. However, several studies have 
come close to showing a beneficial effect of antihyperten- 
sive treatment on coronary artery disease as well. 

The study of Berglund et al’ suggested that treatment 
of hypertensive patients with 6 blockers could reduce 
morbidity and mortality from coronary artery disease. 
The results of the International Prospective Primary Pre- 
vention Study (IPPPSH), a randomized double-blind tri- 
al of men and women aged 40 to 64 years, with uncompli- 
cated essential hypertension and a diastolic blood pres- 
sure between 100 and 125 mm Hg treated with placebo or 
the 6-blocker oxprenolol, indicate how the expected bene- 
fit of the active treatment was present only in nonsmoking 
men who had half the cardiac event rate (5.4 per 1,000 
patient years). In contrast, sudden deaths, myocardial 
infarctions and cerebrovascular event rates were not sig- 
nificantly different despite the lower blood pressure in the 
group treated with oxprenolol.® 

In the Medical Research Council (MRC) study,’ 
more than 17,000 essential hypertensive patients were 
randomized to treatment with bendrofluazide, proprano- 
lol or placebo. The coronary event rate was not signifi- 
cantly lower in the 8-blocker group (4.8 per 1,000 patient 
years) compared either with the bendrofluazide (5.6 per 
1,000 patient years) or placebo groups (5.5 per 1,000 
patient years). The difference in the incidence of fatal 
and nonfatal myocardial infarction between placebo and 
treatment groups was a nonsignificant 7%. As in the 
IPPPSH study,® the coronary event rate in nonsmoking 
men was less with propranolol (5 per 1,000 patient years) 
than with either bendrofluazide (7.4 per 1,000 patient 
years) or placebo (7.5 per 1,000 patient years). In the 
MAPHY Study,’ 3,234 patients were randomized to 
treatment with metoprolol or thiazide diuretics. Total 
mortality was significantly lower for patients taking me- 
toprolol than for those taking thiazide diuretics because 
of fewer deaths from stroke (2 vs 9, p = 0.043) and coro- 
nary artery disease (36 vs 43, p = 0.048). In contrast with 
the MRC and the IPPPSH trials, total mortality was 
significantly lower in both smokers (13.2 per 1,000 pa- 
tient years) and nonsmokers (5.7 per 1,000 patient years) 
treated with metoprolol than in those treated with a diu- 
retic (19.7 and 6.3 per 1,000 patient years, respectively). 
This could be related to the cardioselectivity of metopro- 
lol. Smoking induces an increase in epinephrine!? which, 
in smokers receiving nonselective 8 blockade with pro- 
pranolol or oxprenolol, might lead to an a-receptor-medi- 
ated constriction in peripheral resistance vessels. 

In summary, a review of all the data from the numer- 
ous hypertension trials has not revealed consistent find- 
ings between the relationship of treatment and the reduc- 
tion in the incidence of coronary events. Although the 
cause of this phenomenon remains unknown, several ex- 
planations have been offered. The hypothesis that the 
metabolic side effects of thiazide diuretics and 8 blockers 
may diminish the benefits of blood pressure reduction, 
especially in patients with mild hypertension, is of per- 
ticular interest.!! Thiazide diuretics reduce serum potas- 
sium and increase the frequency of ventricular ectopic 
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beats.!* In addition, several studies have shown an in- 
crease in plasma total cholesterol and triglyceride levels 
and an increase in low-density lipoprotein (LDL) choles- 
terol levels during diuretic treatment.'!!3 Thiazides also 
impair carbohydrate tolerance, especially when adminis- 
tered in high doses,'* and hyperglycemia is another risk 
predictor for coronary artery disease. Thus, it seems rea- 
sonable that while the level of blood pressure is reduced, 
an increase in the level of other risk factors such as plas- 
ma lipids and plasma glucose offsets the initial benefit 
achieved. 

Indapamide, a thiazide-like diuretic, is a potent anti- 
hypertensive drug with minimal diuretic activity and does 
not have the deleterious metabolic effects of other diu- 
retics. Indapamide does not significantly modify serum 
lipids!> and does not appear to have the same effect on 
serum potassium levels as thiazides. Moreover, indapa- 
mide does not impair glucose tolerance,'® even in the 
diabetic patient.'’ Indapamide should be considered as an 
alternative to thiazide treatment, especially in hyperten- 
sive diabetic patients. 

Treatment with most 6 blockers is associated with an 
increase in serum triglyceride levels. The effect of these 
drugs on cholesterol levels differs among the various 6 
blockers. Nonselective 6 blockers without intrinsic sym- 
pathomimetic activity (ISA) tend to reduce high-density 
lipoprotein (HDL) cholesterol levels. Selective 8 blockers 
without ISA decrease HDL cholesterol and in some stud- 
ies increase total cholesterol levels. Nonselective 6 
blockers with ISA induce more discrete changes in tri- 
glycerides with an increase in HDL cholesterol, particu- 
larly during treatment with pindolol.'® Even if it is not 
known whether a drug-induced increase in cholesterol 
levels can increase coronary artery disease risk, it has 
been demonstrated that increased serum concentrations 
of total and LDL cholesterol correlate with the probabili- 
ty of developing coronary artery disease.!’ 

In contrast with diuretics and 6 blockers, angiotensin- 
converting enzyme inhibitors and calcium antagonists do 
not alter the serum lipid profile.2°?! Alpha; blockers do 
not cause adverse lipid changes but decrease total and 
LDL cholesterol and increase HDL cholesterol.?* Unfor- 
tunately, despite this favorable effect on risk factors, 
there are no trials on the effect of these newer antihyper- 
tensive drugs on cardiovascular morbidity and mortality 
associated with high blood pressure. 


HEMODYNAMIC EFFECTS OF 
ANTIHYPERTENSIVE DRUGS 

The main hemodynamic finding in established hyper- 
tension is an elevated systemic vascular resistance with 
normal cardiac output at rest.” Children in the highest 
percentiles of the blood pressure distribution exhibit the 
reverse; cardiac output is elevated and total peripheral 
resistance is normal.?* In the elderly hypertensive patient, 
however, cardiac output may be depressed and systemic 
vascular resistance greatly increased.*> In summary, ex- 
cept during the early phase of hypertension and perhaps 
in young patients with uncomplicated hypertension, an 
increase in total peripheral resistance is the hemodynam- 





ic hallmark of virtually all forms of clinical hypertension 
at any stage of the disease. 

Thus, it seems reasonable to treat hypertension with 
drugs that interfere with vasoconstrictor mechanisms 
which decrease vascular resistance. Most of the antihy- 
pertensive drugs appear to have such an effect on resis- 
tance vessels.” During the early phase of the administra- 
tion of diuretics, volume depletion occurs, resulting in a 
decrease in cardiac output and a reflex increase of sys- 
temic vascular resistance. However, long-term adminis- 
tration of diuretics is associated with a reduction in total 
peripheral resistance.”’ Indapamide, a thiazide-like diu- 
retic that possesses vasodilatory and diuretic properties, 
decreases blood pressure by reducing the vascular resis- 
tance.”® 

Beta blockers, especially those without ISA, initially 
reduce cardiac output by exerting negative chronotropic 
and inotropic effects on the heart. Despite an adjustment 
of vascular resistance during long-term treatment with 
these drugs, vascular resistance will remain elevated, of- 
ten above pretreatment values.*? Calcium antagonists, 
particularly dihydropyridine derivatives, reduce total pe- 
ripheral resistance, and this may cause a mild increase in 
heart rate. Converting enzyme inhibitors and a blockers 
have no effect on heart rate and they decrease blood 
pressure through a reduction in systemic vascular resis- 
tance. 


EFFECTS OF HIGH BLOOD PRESSURE 
ON RESISTANCE VESSELS 

Most studies of patients in the established phase of 
hypertension have demonstrated structurally changed re- 


sistance vessels with an increased wall to lumen ratio’? 
due to several factors such as smooth muscle hypertrophy 
and increased amounts of elastin and collagen tissue.°! 
In the large peripheral arteries, several studies have 
shown that arterial distensibility is reduced in patients 
with hypertension when compared with age- and sex- 
matched controls.?>33 Arterial compliance is also reduced 
in patients with hypertension. This reduction is observed 
for the same mean arterial pressure as that of controls, 
therefore reflecting abnormalities in the intrinsic proper- 
ties of the arterial wall.*4 

The regression of the structural vascular abnormali- 
ties in hypertensive patients is difficult to demonstrate. 
Hypertension in human subjects is usually not detected 
and is treated only when the hypertensive state has lasted 
for several years; thus, it is reasonable to assume that 
most hypertensive patients had adaptive vascular changes 
that were only partially reversible. Using a hemodynamic 
approach based on the plethysmographic assessment of 
resistance during maximal vasodilatation obtained by a 
combination of arterial occlusion, muscle exercise and 
direct and indirect heating, Sivertsson and Hansson?’ 
found that in the vasculature of the hand, long-term anti- 
hypertensive therapy has a positive effect. Complete nor- 
malization of the vascular structural abnormalities could 
not be demonstrated. In the vasculature of the leg no 
regression of vascular changes has been demonstrated. 
This may be due to man’s erect posture, which exposes 


the vessels in the legs to higher pressures. In the forearm 
vasculature, regression of vascular changes was observed 
with pindolol, a 8 blocker with ISA, but not with meto- 
prolol, a 8 blocker devoid of ISA,*° suggesting that pindo- 
lol during periods of low sympathetic tone may act as a 62 
agonist,” thus causing vasodilatation. 

The effect of antihypertensive drugs in large arteries is 
quite different. According to Safar,** for a given decrease 
in blood pressure, the caliber of large arteries may be 
unchanged (a and 8 blockers, indapamide), decreased 
(dihydralazine) or increased (calcium antagonists and 
converting enzyme inhibitors). Similar results have been 
reported for compliance. Alpha- and 6-blocking drugs 
and dihydralazine did not modify the compliance, where- 
as calcium antagonists and converting enzyme inhibitors 
increased the compliance. Arterial compliance is reduced 
in hypertension and a possible improvement in the func- 
tional capacity of large arteries may be extremely impor- 
tant with possible consequences in cardiac performance 
and vascular damage. 
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Effects of Indapamide on Left Ventricular Mass 
and Function in Systemic Hypertension with 
Left Ventricular Hypertrophy 
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Francois Brackman, MD, David Guez, MD, and Yves Grosgogeat, MD 


Left ventricular hypertrophy (LVH) is frequently 
associated with hypertension and constitutes a ma- 
jor cardiovascular risk factor, the reduction of 
which should be considered when initiating antihy- 
pertensive therapy. To assess the effects of indapa- 
mide on LVH, 18 hypertensive patients were in- 
cluded in the study (11 men and 7 women, age 
53.6 + 2.9 years, mean + standard deviation) 
whose supine diastolic blood pressure was greater 
than 95 mm Hg without (n = 11) or with (n = 7:6 
8 blockers, 1 calcium antagonist) antihypertensive 
therapy. All presented with LVH, echocardiograph- 
ically defined by a left ventricular mass index 
greater than 110 g/m2. After a 2-week preinclu- 
sion period, all patients received indapamide, 2.5 
mg/day, for a period of 6 months. Physical exami- 
nation including blood pressure measurement was 
performed on selection (M-1/2), before (MOQ), and 
after 1 (M1), 3 (M3) and 6 (M6) months of indapa- 
mide treatment, and echocardiography was per- 
formed at MO and M6. Quality of life was evaluated 
by means of questionnaires completed by the pa- 
tient and the physician, and a visual analog scale 
was completed by the patient at M-1/2, MO and 
M6. All clinical parameters remained stable during 
the 2-week preinclusion period. Indapamide admin- 
istration induced a highly significant reduction in 
both supine systolic and diastolic blood pressures 
from 173.9 + 2.9/100.5 + 1.2 mm Hg at MO to 
150.9 + 1.9/90.5 + 1.3 mm Hg at M1 (p <0.001), 
and 145.0 + 1.7/86.0 + 1.5 mm Hg at M6 

(p <0.001). Similar favorable effects were ob- 
served in the upright position. 

Echocardiography showed a significant reduc- 
tion in left ventricular mass index, from 174.4 + 
6.1 g/m? at MO to 146.2 + 6.0 at M6 
(p <0.001). Diastolic posterior wall thickness and 
interventricular wall thickness were significantly 
reduced from 12.0 + 0.3/13.1 + 0.4 mm at MO to 
10.9 + 0.2/11.5 + 0.3 mm at M6 (p <0.001). 
Fractional shortening remained stable during treat- 
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ment. The 2 quality of life questionnaires complet- 
ed, respectively, by the patient and by the physi- 
cian both evidenced a significant improvement dur- 
ing indapamide therapy; a general well-being score 
on visual analog scale increased from 5.4 + 6.4 to 
23.4 + 6.4 (p <0.01). Biochemical acceptability 
was Satisfactory, with no significant changes in to- 
tal cholesterol and high-density, low-density and 
very low density lipoprotein fractions. 

These results show that indapamide exerts a 
significant antihypertensive activity with a good 
clinical acceptability and induces a beneficial reduc- 
tion in left ventricular hypertrophy. 

(Am J Cardiol 1990;65:37H-—42H) 


ic agent. It was commercialized more than 10 years 

ago, and it is currently prescribed all over the world 
and has proved to be an efficient and safe drug in pa- 
tients with mild to moderate hypertension. ! 

Achieving normal blood pressure levels with a well- 
tolerated regimen remains the primary objective in the 
treatment of hypertensive patients, but can no longer be 
the only goal; an ideal antihypertensive drug must have 
beneficial effects on the other concomitant factors of 
cardiovascular morbidity and mortality.’ 

Left ventricular hypertrophy (LVH), which has been 
shown to be a common and early finding in patients with 
hypertension, appears to represent an additional and in- 
dependent factor of poor prognosis. According to the 
Framingham study, LVH defined by either electrocar- 
diographic or echocardiographic criteria is a powerful 
predictor of an increased risk of congestive heart failure, 
coronary artery disease and sudden death.?~’ 

For these reasons, there is a growing interest in anti- 
hypertensive drugs which, in addition to controlling blood 
pressure, also decrease left ventricular mass.*-’ 

In this study, we report results from an open trial 
undertaken to study the effects of indapamide on a specif- 
ic group of hypertensive patients, all presenting with 
LVH. 


ferm is an orally active sulfonamide diuret- 


METHODS 

Patients: Patients who participated in this study were 
recruited and followed-up by several cardiologists work- 
ing in private practice, and they were referred for an 
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TABLE I General Characteristics of Patients 


No. of patients 18 

Sex ratio (M/F) 11/7 

Mean age (years) 53.6 + 2.9 

Supine systolic blood pressure 173.9 2.9 
(mm Hg) 

Supine diastolic blood pressure 
(mm Hg) 

Left ventricular mass index 
(g/m*) 


Values are mean + standard error of the mean. 


echocardiographic evaluation to the department of cardi- 
ology of the Hôpital Piti¢é-Salpétriére, Paris, France. 

Subjects eligible for the trial were ambulatory pa- 
tients of both genders, aged 30 to 75 years, with mild to 
moderate essential hypertension, as defined by a supine 
diastolic blood pressure between 95 and 115 mm Hg. 
They were either not previously treated or treated with 8 
blockers but not controlled. 

Noninclusion criteria were as follows: secondary hy- 
pertension; severe hypertension defined by a supine dia- 
stolic blood pressure greater than 115 mm Hg; complicat- 
ed hypertension, i.e., coronary artery disease, heart fail- 
ure, renal insufficiency, stage 3 or 4 fundus; presence of a 
metabolic disease (gout, insulin-dependent diabetes, non- 
controlled noninsulin-dependent diabetes) or an hepatic 
disorder, or any other severe chronic disease; concomitant 
medication including corticosteroids, nonsteroidal anti- 
inflammatory drugs, neuroleptics, antidepressants, lithi- 
um; and weight exceeded by 30% of the midpoint of 
recommended weight. In addition, patients in whom com- 
pliance appeared initially to be possibly poor or who had 
participated in a drug trial within the last 3 months did 
not enter the study. 

Study design: The study was designed as an open 
study and conducted as follows: patients eligible were 
enrolled in a 2-week preinclusion period, during which 
they were either not treated or treated according to their 
previous regimen. This period was destined to confirm the 
stability of hypertension and the presence of an echocar- 
diographic LVH. 

At the end of this period, patients who fulfilled inclu- 
sion criteria and who had no exclusion criteria received 
indapamide at the daily dosage of 2.5 mg for a period of 6 
months, either alone or in assocition with their previous 


100:5#'1.2 


174.4+6.1 


treatment. A second echocardiographic evaluation was 
subsequently performed. 

Blood pressure and heart rate: Blood pressure and 
heart rate were measured at the beginning of the study, at 
the time of inclusion, and after 1, 3 and 6 months of 
treatment. 

Blood pressure was measured with a standard mercu- 
ry sphygmomanometer. Supine blood pressure was re- 
corded after 10 minutes of rest, and erect blood pressure 
after 2 minutes of standing. The mean of 3 measurements 
at l-minute intervals was calculated. Diastolic blood 
pressure was defined as the point of disappearance of the 
Korotkoff sounds (phase V). Heart rate was measured by 
auscultation for 1 minute in similar conditions. 

Echocardiography: M-mode echocardiography was 
performed with a Diasonics CV 400 echograph connected 
to a DRF recorder, a 3.5-MHz transducer at a paper 
speed of 50 mm/s. Patients were studied after 15 minutes 
at rest in the partial left decubitus position, with trans- 
ducer placement in the third or fifth intercostal space. 
Transverse sweeps of the left ventricle were recorded at or 
just below the tip of the mitral leaflets. 

Interventricular septal thickness (IVST), posterior 
wall thickness (PWT) and left ventricular internal diam- 
eter (LVID) were measured at end-diastole as defined by 
the onset of QRS complex on a simultaneous electrocar- 
diogram. Thickness of the endocardial echoes was includ- 
ed in the measurement of IVST and PWT. Measure- 
ments were obtained from 4 cardiac cycles and then aver- 
aged. 

Left ventricular mass was calculated according to the 
formula of Troy et al!°: Left ventricular mass (g) = 1.05 
[((LVID + IVST + PWT)? — (LVID)?]. Left ventricular 
mass was then related to the body surface area and results 
were expressed as left ventricular mass index (g/m7). 

Left ventricular shortening fraction was calculated 
according to the following formula: SF = EDLVID — 
ESLVID/EDLVID, where EDLVID = end-diastolic 
left ventricular internal diameter and ESLVID = end- 
systolic left ventricular internal diameter. 

Quality of life: Quality of life was assessed, as previ- 
ously described,'! using 3 different tests: a questionnaire 
filled in by the physician, a questionnaire completed by 
the patient and a visual analog scale. Both questionnaires 
consisted of multiple items under the following headings: 
appearance, contact, muscular and sensory fatigue, func- 


TABLE Il Supine and Standing Systolic and Diastolic Blood Pressure (BP) and Heart Rate at Baseline and at Various Intervals 


During Indapamide Treatment 


Supine 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 
Heart rate (beats /min) 
Standing 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 
Heart rate (beats /min) 


Baseline 


1739229 
100.5 + 1.2 
67.0% 2.5 


i728 
101.8+1.2 
69.7 + 2.6 


Values are mean + standard error of the mean. 


1 Month 


150:9:4 1.9 
90.54 1.3 
67.4 + 2.2 


146.4 + 2.2 
91.9 + 2.0 
69.5. £2:3 


3 Months 


149.5 1.7 
89.24 1.4 
65.8+ 1.9 


143.74 2.1 
88.7 + 1.6 
69.541.5 


6 Months 


145.0+ 1.7 
86.0+ 1.5 
64.8 + 3.1 


144.0 + 2.4 
86.8 + 1.7 
68.1 + 2.2 


p* 


MO-—M1, M3; M3—M6 
MO-—M1, M3—6 


MO—M1, M3, M6 
MO—M1, M3; M3—M6 


* p <0.001. 
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tional visceral disorders, sleep, intellectual fatigue, emo- 
tion, mood, anxiety, vitality and personality. A score 
ranging from 0 (absence of symptoms) to 5 (according to 
the severity of the symptoms) was applied to each item. A 
visual analog scale provided another tool for evaluation of 
quality of life; it consisted of a horizontal straight line 
bearing 2 arrows, 1 at the left extremity indicating well- 
being, and 1 at the right extremity indicating ill-being. 
The patient had to answer to the question “how do you 
feel today?” by a cross on the axis. 

Biochemical investigations: The following laboratory 
tests were performed at the beginning and at the end of 
the study: plasma electrolytes, creatinine, calcium, phos- 
phate, urate, glycemia, total cholesterol, high-density li- 
poprotein, low-density lipoprotein and very low density 
lipoprotein cholesterol, and triglycerides. In addition, 
plasma electrolyte levels were measured after 1 month of 
treatment. 

Statistical analysis: Statistical analysis was per- 
formed according to standard methods. The data are 
expressed as mean + standard error of the mean. A 2-way 
analysis of variance (time-subjects) was used to assess the 
significance of changes in clinical, echocardiographic and 
biochemical variables during the study. When statistical 
significance was reached (p <0.05), analysis was com- 
pleted by a Newman-Keuls test for multiple comparisons 
of time points. Nonparametric data were analyzed by 
means of a Friedman test. Finally, Pearson’s correlations 
between echocardiographic parameters and blood pres- 
sure data were studied. 


RESULTS 

All 18 patients entered into the study completed the 
trial. Their general characteristics are listed in Table I. 
Ages ranged from 30 to 73 years (mean 53.6) and all 
patients had mild to moderate essential hypertension, 
with a mean diastolic blood pressure of 100.5 mm Hg at 
the time of inclusion. Eleven were not previously treated 
and 6, although receiving 6 blockers or a calcium antago- 
nist, were not equilibrated. Mean duration of hyperten- 
sion was 4.1 + 1.2 years. 

Indapamide induced a significant reduction of both 
diastolic and systolic blood pressures (Table II). Mean 
reduction in the supine and standing positions was, re- 
spectively, 14.5 and 15 mm Hg for diastolic pressure and 
28.9 and 27.7 mm Hg for systolic pressure. At the end of 
the study, 82% of patients achieved satisfactory blood 
pressure control, defined as a diastolic blood pressure 
below 90 mm Hg. Maximal antihypertensive effect was 
observed by 3 months and then remained stable (Fig. 1). 
No significant change in heart rate was observed during 
the study. 

Electrocardiograms performed at the beginning of the 
study did not reveal any LVH in most of the patients, and 
no significant changes in electrocardiographic variables 
were observed during the study: mean Sokolow voltage 
was 3.3 + 0.2 mV at the time of inclusion and after 6 
months of treatment. 

Echocardiographic parameters are listed in Table III. 
At the time of inclusion, [VST of 11 mm or more was 


SBP mmHg 
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165 
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95 
85 


Z5 
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65 
MO M1 M3 


82% supine DBP < 91 mmHg at M6 


FIGURE 1. Effects of indapamide on supine and standing sys- 
tolic (SBP) and diastolic (DBP) blood pressure after 3 and 6 
months of treatment. **p <0.001. 


observed in 16 patients and the PWT was 11 mm or more 
in 16 patients, left ventricular internal dimension exceed- 
ed 50 mm in 8 patients, and left ventricular mass and left 
ventricular mass index were elevated in all the patients. 

We observed a decrease of these parameters through- 
out the study. This decrease reached levels of statistical 
significance for left ventricular PWT, IVST, left ventric- 
ular mass and left ventricular mass index. PWT de- 
creased from 12 + 0.3 to 10.9 + 0.2 mm (p <0.001), 
IVST from 13.1 + 0.4 to 11.5 + 0.3 mm (p <0.001), left 
ventricular mass from 332.79 + 14.69 to 279.25 + 13.35 
g (p <0.001), and left ventricular mass index from 174.42 
+ 6.13 to 146.25 + 6.04 g/m? (p <0.001) (mean reduc- 
tion of 16%). Reduction of left ventricular mass index was 


TABLE Ill End-Diastolic Echocardiographic Parameters at 
Baseline and After Six Months of Indapamide Treatment 


Baseline 6 Months 


PWT (mm) 
IVST (mm) 
LVID (mm) 
LVM (g) 
LVMI (g/m?) 
EF (%) 

* p <0.001. 
Values are mean + standard error of the mean. 

EF = ejection fraction; IVST = interventricular septal thickness; LVID = left ventricu- 


lar interval diameter; LVM = left ventricular mass; LVMI = left ventricular mass index; 
PWT = posterior wall thickness. 


12.00 + 0.30 
13.10 + 0.40 
51.70+ 1.20 
332.79 + 14.69 
174.42 + 6.13 
38.30 + 0.80 


10.90 + 0.20* 
11.50 + 0.30* 
50.20 + 1.70 
279.25 + 13.35* 
146.25 + 6.04* 
38.10 + 0.60 
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LVMI g/m? 
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FIGURE 2. Individual changes of left ventricular mass index 
(LVMI) after 6 months with indapamide treatment. 


observed in almost all the patients (Fig. 2). Conversely, 
end-diastolic internal ventricular diameter did not change 
significantly during therapy (from 51.7 + 1.2 to 50.2 + 
1.7 mm). Mean left ventricular shortening fraction was 
38.3 + 0.8% and remained stable after 6 months of treat- 
ment. 

Significant correlation was found between IVST, left 
ventricular mass, left ventricular mass index and supine 
systolic blood pressure at the beginning of the study (Ta- 
ble IV). No correlation was found between variation of 
echocardiographic parameters and reduction of supine 
systolic or diastolic blood pressure. 

Quality of life improved with indapamide therapy, as 
confirmed by the results of both questionnaires: mean 
score decreased from 8.1 + 1.6 to 5.2 + 1.4 (p <0.001) 
for the physician’s questionnaire and from 13.5 + 2.7 to 
7.4 + 2.2 (p <0.001) for the patient’s questionnaire. In 
addition, mean score from the visual analog scale in- 
creased from 5.4 + 6.4 to 23.4 + 6.4 (p <0.01). Improve- 
ment was particularly significant for the following items 
(Fig. 3): anxiety (a primordial factor in the stability of 
blood pressure of hypertensive patients), sleep disorders 
(difficulty in getting to sleep, frequent awakening during 
the night, difficulty in wakening, nightmares, diurnal 
drowsiness) and personality (sensitiveness, irritability, 
contrariness, aggressiveness and anger). Moreover, over- 


TABLE IV Correlation Between Baseline End-Diastolic 
Echocardiographic Anatomic Parameters and Supine Systolic 
(SSBP) and Diastolic Blood Pressure (SDBP) 


* p <0.05; ' p <0.01. 
Abbreviations as in Table Ill. 
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FIGURE 3. Quality of life assessed by patient’s question- 
naires. *p <0.05; **p <0.01. 


all well-being was greatly improved if one considers the 
results of the visual analog scale before and after indapa- 
mide treatment: 5.4 + 6.4 and 23.4 + 6.4 (p <0.01). 

With regard to biochemical parameters, the only sig- 
nificant change was plasma potassium (mean decrease 
0.35 mmol/liter). No alterations of lipid profile were 
observed (Table V), and plasma uric acid increased 
slightly without reaching statistical significance and re- 
mained within the normal range in every case. 


DISCUSSION 

Regression of left ventricular mass with indapamide 
therapy was first suggested several years ago by Row- 
lands et al'* who demonstrated a significant regression of 
left ventricular mass index in 24 patients treated with 
various agents, 3 of whom were being treated with inda- 
pamide. Subsequently, Mace et al!’ reported a 6% reduc- 
tion of left ventricular mass index observed in 5 patients 
treated with indapamide for a period of 4 months; all 
these patients had mild to moderate essential hyperten- 
sion, were not previously treated, and did not have LVH 
at the beginning of the study. The present study confirms 
that indapamide, in addition to providing satisfactory 
blood pressure control, induces a highly significant re- 
gression of left ventricular mass index and extends the 
results to a specific high risk population of hypertensive 
patients. 





Interestingly, the reduction of left ventricular mass 
index that was observed in this study was due only to a 
reduction of wall thickness because there was no variation 
of left ventricular internal diameter. Moreover, the re- 
duction was homogeneous if one considers the similar 
decrease of IVST and PWT. Patients who demonstated 
the greatest reduction in left ventricular mass index ap- 
peared to have the largest initial LVH; this may explain 
the difference in the mean degree of reduction observed in 
this trial and the one conducted by Mace et al.!° 

Other antihypertensive agents, with the exception of 
vasodilators and diuretics, have been shown to have posi- 
tive influence on left ventricular mass.!* Even if there is a 
great heterogeneity in the design of these trials, indapa- 
mide would appear to be among the drugs that have the 
most potent effects on left ventricular mass reduction. 
Only double-blind parallel studies, which are currently 
being undertaken, can confirm this theory. 

All of the patients had normal left ventricular end- 
diastolic dimension and left ventricular ejection fraction 
not only at the beginning of the study but also after 
indapamide treatment. This attests to normal systolic 
function and confirms previous studies conducted with 
indapamide in hypertensive patients without LVH.!>!¢ 
Moreover, it is in agreement with trials performed with 
other antihypertensive agents in patients with LVH.!7:!8 
Study of diastolic performance would be more interest- 
ing, as it has been shown by various means (Doppler 
echocardiography, magnetic resonance imaging, radio- 
nuclide angioventriculography) that impairment occurs 
earlier in the ventricle that becomes hypertrophic in re- 
sponse to a chronic pressure overload.!?-2! This point is 
currently under investigation in other trials. 

The correlation between LVH and supine systolic 
blood pressure that we observed at the beginning of the 
study was stronger than that frequently reported and 
confirms that the blood pressure level is at least one of the 
factors that determines LVH. Obviously, pressure over- 
load cannot be the sole factor, because, as previously 
described with other drugs, no correlation was found be- 
tween reduction of blood pressure and decrease in left 
ventricular mass after indapamide therapy. A number of 
other factors are thought to interfere with the develop- 
ment or the regression of LVH? : stimulation of the sym- 
pathetic nervous system, activation of the renin-angioten- 
sin system, various trophic agents and genetic predisposi- 
tion. The role of these factors is often increased when 
trying to explain the discrepancy between positive effects 
observed with drugs like adrenergic inhibitors, converting 
enzyme inhibitors and 6 blockers, and the absence of 
effects observed with vasodilators or diuretics.*>.*+ 

Previous studies have shown that indapamide achieves 
its antihypertensive effect mainly through peripheral va- 
sodilation but does not exert any stimulation of adrener- 
gic activity.” This particular characteristic, which has 
helped to individualize indapamide in the family of diu- 
retics, may account for the present efficacy of this drug. 
Conversely, as angiotensin II has emerged as a powerful 
determinant of left ventricular adaptation,”° it is worth 
noting that an activation of the renin-angiotensin system 


TABLE V Biochemical Parameters During Indapamide 
Treatment 


Parameters Baseline 6 Months 


Creatinine 89.00 + 3.80 90.00 + 5.20 

(umol /liter) 
Uric Acid 

(umol /liter) 
Sodium 

mmol /liter 
Potassium 

mmol /liter 
Total cholesterol 

mmol /liter 
HDL cholesterol 

mmol /liter 
LDL cholesterol 

mmol /liter 
VLDL cholesterol 

mmol /liter 
Triglycerides 

mmol /liter 


311.00 + 27.20 358.00 + 30.00 


140.00 + 0.80 140.00 + 0.08 


4.38 + 0.08 4.03 + 0.08* 


5.80 + 0.30 5.90 + 0.30 


1.40 + 0.10 1.40 + 0.08 


3.30 + 0.30 3.30 + 0.40 


0.40 + 0.30 0.40 + 0.08 


1.40 + 0.40 1.50 + 0.40 


* p <0.01. 

Values are mean + standard error of the mean. 

HDL = high-density lipoprotein; LDL = low-density lipoprotein; VLDL = very low 
density lipoprotein. 


has been regularly observed in patients receiving indapa- 
mide.” 

Diuretics have been used for many years as the main 
treatment for patients with mild to moderate essential 
hypertension and, according to the last recommendations 
of the American Joint National Committee on Detection, 
Evaluation and Treatment of High Blood Pressure, they 
remain a major alternative as “first step” drugs.2 When 
new drugs became available during the early 1980s, sev- 
eral questions were raised concerning the safety of diuret- 
ics as antihypertensive agents, one of the major points 
being the deleterious effect of diuretics on lipoprotein 
metabolism. At that time, we demonstrated that indapa- 
mide, although belonging to the diuretic family, did not 
alter lipid metabolism even in patients with previous lipid 
disorders.”’ The present study suggests that indapamide 
has a positive effect on LVH, one of the major prognostic 
factors in hypertensive patients both simultaneously and 
independently of its control of blood pressure levels. 
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Role of Metabolic Risk Factors in Cardiovascular 
Prognosis of Systemic Hypertension 
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There is an increasing awareness of the need to 


manage multiple risk factors in hypertensive pa- 
tients, and of possible adverse metabolic effects of 
antihypertensive drugs which may counteract their 
ability to reduce the risk of cardiovascular disease. 
Data collected from the Austin Hospital Hyperten- 
sion Clinic support previous observations that the 
incidence of cardiovascular risk factors such as 
plasma lipid abnormalities are high in hypertensive 
patients, and although it is becoming easier to con- 
trol blood pressure in these patients, modification 
of other risk factors is difficult. The use of diuretics 
in doses lower than those conventionally prescribed 
has been advocated as a means of reducing the ad- 
verse metabolic effects. However, data from this 
study suggest that although low-dose hydrochloro- 
thiazide therapy (25 to 50 mg/day) may be as ef- 
fective as conventional doses of captopril in reduc- 
ing blood pressure, adverse metabolic effects on 
plasma potassium, glucose and uric acid levels re- 
main a problem. Indapamide, a relatively new diu- 
retic when used at a fixed dose (2.5 mg/day), ap- 
pears to be devoid of significant adverse metabolic 
effects and is a useful alternative to thiazide diu- 
retics. An integrated approach to the management 
of multiple cardiovascular risk factors is important 
in hypertensive patients and should include non- 
pharmacologic methods and the selection of antihy- 
pertensive drugs that do not have adverse metabol- 
ic effects. 

(Am J Cardiol 1990;65:43H-—45H) 
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multiple cardiovascular risk factors including 

hypertension have already contributed to an im- 
pressive decrease in mortality from coronary artery dis- 
ease and incidence of stroke in the United States and Aus- 
tralia.! Interventions include attempts to modify diet, 
smoking and exercise habits. Hypertension newly diag- 
nosed in a significant number of patients may well be 
controlled without drug therapy, and hypertension in 
many more patients will be controlled with simpler drug 
regimens as well as new drug therapies. 


P reventive public health measures that address 


INCIDENCE OF MULTIPLE RISK FACTORS 

We have previously reported the incidence of a range 
of risk factors in patients attending the Austin Hospital 
Hypertension Clinic during 1986 and 1987.! We can now 
update some of this information with data obtained from 
a survey of 187 patients from this same clinic in 1988 and 
for whom data from 1987 were also available. Table I 
summarizes the percentage of patients in 1987 and 1988 
with diastolic blood pressures <90, 95 and 100 mm Hg. It 
appears that in 1988, a 12-month period in which there 
was both attention to multiple risk factor modification 
and the introduction of newer forms of therapy such as 
low-dose diuretics, angiotensin-converting enzyme inhib- 
itors and calcium antagonists, improvement in blood 
pressure control was achieved in the clinic with an in- 
creased percentage of patients having diastolic blood 
pressures <90 mm Hg. 

It is interesting to compare these data with reports?-5 
of diastolic blood pressure control from other centers 
(Table II). This confirms that hypertension in increasing 
numbers of patients now seem to be better controlled. 
Andersson et al? reported that 52% of patients in their 
clinic had diastolic blood pressures >95 mm Hg in 1978 
and Degoulet et al? reported 27% in 1983, whereas the 
figure in our clinic in 1988 was around 12%. We have also 
examined alcohol consumption and smoking in this group 
of patients. Overall, there has been a small decrease in 
alcohol consumption in the male population in the 1987/ 
1988 period and a significant change in the number of 
smokers (p <0.25). 


METABOLIC EFFECTS OF 
ANTIHYPERTENSIVE THERAPY 

Another concern in patients taking long-term antihy- 
pertensive medication is that unwanted alterations in risk 
factors such as plasma lipid levels and glucose tolerance 
may cancel the benefits of blood pressure reduction, par- 
ticularly in relationship to the development of atheroscle- 
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A SYMPOSIUM: INDAPAMIDE AND ANTIHYPERTENSIVE STRATEGY 


TABLE I Control of Supine Diastolic Blood Pressure in a 
Hypertension Clinic (Austin Hospital 1987, 1988) 


% of Patients 
(n = 277) 
Diastolic Blood Pressure 


(mm Hg) 1987 


TABLE II Control of Diastolic Blood Pressure (BP) in Other 
Centers 


Mean + SD 
Diastolic BP 
(mm Hg) 


% Patients 


No. of Pts. DBP >95 mm Hg Reference 


87.7+11.0 
97 + 9.8 
87.6 


DBP = diastolic blood pressure; SD = standard deviation. 


rosis. Since 1986, the percentage of both women and men 
with cholesterol levels greater than 5.5 mmol/liter has 
fallen. In 1986, the figure for men was 56.5% and for 
women 78.5%. In 1987, it had fallen to 52.7 and 72.7% 
and in 1988 to 51.2 and 68.7%, respectively. It is disap- 
pointing, however, that the change has not been greater 
since there has been a fairly intensive program undertak- 
en to identify patients with elevated cholesterol levels and 
to modify them by dietary means, and if necessary by 
cholestyramine therapy, after referral to and reinforce- 
ment by the hospital dietician. Table III summarizes 
changes in plasma total cholesterol and high-density lipo- 
protein cholesterol levels in these patients in 1987 and 
1988. The overall figures for cholesterol, however, are 
somewhat deceptive. In fact, mean cholesterol levels have 
not changed and most of the decrease in percentage has 
been the result of changes in cholesterol levels in the 
group treated with cholestyramine. Total cholesterol de- 
creased from 7.63 + 1.37 in 1987 to 6.53 + 0.8 mmol/ 
liter in 1988 in the cholestyramine-treated group (n = 
15), whereas cholesterol did not change (5.80 + 1.02 to 
5.94 + 1.16 mmol/liter) in patients not taking cholestyra- 
mine (n = 169) in 1988. The small but significant in- 
crease in levels of high-density lipoprotein cholesterol 
from 1.17 + 0.43 to 1.27 + 0.38 mmol/liter (p <0.05) 
was more encouraging. 

One of the more interesting developments in treat- 
ment has been the move to administer smaller doses of 
diuretics both as monotherapy and in combination with 
other antihypertensive agents. Thiazides have now been 
in use for nearly 30 years; they are simple to use and 
effective and can easily be combined with other forms of 
therapy. Their main disadvantages have been their ad- 
verse metabolic effects! and that, in higher doses, they 
may produce impotence.’ To a large extent, many of 
these metabolic effects can be overcome by doses that are 
half or less of the conventional dose regimens. At these 
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TABLE Ill Plasma Total Cholesterol and High-Density 
Lipoprotein Cholesterol Levels in 181 Patients 


HDL Cholesterol 
(mmol /liter) 


Total Cholesterol 
(mmol/liter) 
1988 


1988 1987 


1.20 +0.45 1.27+0.38* 
1194033 


1.37 + 0.39 


5.99+1.13 5.97 +1.13 
5.81+1.06 5.7641.10 1.08 + 0.38 
6.1541.17 617+1.13 1.29 + 0.48 
* p <0.05 compared with 1987 levels (Student paired t test) 
HDL = high-density lipoprotein. 


TABLE IV Biochemical Changes (mmol/liter) After 
Treatment with Captopril or Hydrochlorothiazide (HCT) 


Glucose Potassium Uric Acid 


4.77 + 1.36 
Captopril 4.85 + 0.55 3.64 + 0.30 0.33 +0.12 
HCT S I2 0:737 3.24 + 0.26* 0.38 + 0.13* 


* p <0.05 compared with captopril treatment (Student paired t test). 


Baseline 3.72 £033 0.30 + 0.10 


TABLE V Changes in Lipid Fractions (mmol/liter) During 
Treatment with Captopril or Hydrochlorothiazide (HCT) 


Captopril HCT Control 


Total 6.12 + 1.11 6.36 + 0.95 6.20 + 0.85 
cholesterol 
(n = 20) 

HDL 
cholesterol 
(n = 20) 

Triglycerides 


(n= 15) 


* p <0.05 compared with control (Student paired t test). 


1.37 + 0.41 1.39 + 0.46 1.59 + 0.36 


1.26 + 0.50* 1.09 + 0.40 0.98 + 0.28 


doses, effects on plasma lipids, blood sugar and other 
biochemical parameters are believed to be minimized. 

We have examined some of these propositions in a 
double-blind crossover study of 20 hypertensive subjects, 
aged 41 to 73 years, with supine diastolic blood pressures 
of 90 to 110 mm Hg after a 2-week placebo run-in phase. 
These subjects had total cholesterol levels that were mild- 
ly elevated (5.7 to 8.7 mmol/liter). Subjects were studied 
over 2 treatment periods during which they received ei- 
ther captopril or hydrochlorothiazide. Wash-out periods 
of 14 days preceded, divided and followed the 2 treatment 
periods, the order of which was randomized. Each treat- 
ment period lasted 8 weeks. According to the randomiza- 
tion, subjects were assigned to either captopril, 25 mg 
twice daily, or hydrochlorothiazide, 12.5 mg twice daily. 
During the fourth week of treatment the drug dosage was 
doubled for the remaining treatment period if the pa- 
tients’ blood pressure was >95 mm Hg diastolic. As a 
result, blood pressure control was maintained in 10 pa- 
tients taking 25 mg and in 10 taking 50 mg of hydrochlo- 
rothiazide daily and in 11 patients taking 50 mg and a 
further 9 taking 100 mg of captopril daily. 

In this study, patients taking hydrochlorothiazide had 
a small decrease in weight, significant elevations in plas- 
ma glucose and uric acid, and significant reductions in 
serum potassium compared with treatment with an an- 





giotensin-converting enzyme inhibitor (Table IV). Fif- 
teen patients required potassium supplementation during 
the diuretic treatment phase and none during treatment 
with captopril. There were no differences in plasma cho- 
lesterol concentrations between the 2 forms of treatment. 
However, plasma triglycerides were significantly elevat- 
ed in the captopril group compared with baseline, and the 
difference between triglyceride levels during captopril 
and hydrochlorothiazide therapy almost achieved statisti- 
cal significance (Table V). This adverse effect on triglyc- 
erides has not been previously reported, and in this re- 
spect treatment with captopril appears to resemble that of 
propranolol. 

We were not able to establish a clear-cut increase in 
the metabolic risk factors in patients whose dose of hydro- 
chlorothiazide increased from 25 to 50 mg, except that 3 
of the 11 patients who were taking 50 mg/day had potas- 
sium levels of <3.0 mmol/liter. Potassium levels <3.2 
mmol/liter were not seen in the lower-dose diuretic 
group. Overall, the data indicate that reducing the dose 
of hydrochlorothiazide to 25 mg/day does not overcome 
the metabolic changes associated with diuretic therapy. 
Blood pressure control was similar during the 2 treatment 
regimens, which indicates that the doses of hydrochloro- 
thiazide are equally as effective as the doses used during 
captopril therapy. 


INDAPAMIDE 

To avoid the problems of adverse metabolic changes 
during diuretic therapy, the use of lower doses is advised. 
One compound that is being looked at carefully with 
regard to adverse metabolic effects is the relatively new 
agent indapamide. When used at a fixed dose of 2.5 mg/ 
day, it has an effective antihypertensive action and does 
not appear to have the usual pattern of adverse biochemi- 
cal and endocrine effects seen with other diuretics. This 
may reflect the fact that indapamide differs structurally 
from chlorthalidone, hydrochlorothiazide and furose- 
mide by possessing an isoindoline methyl substituent. Al- 
ternatively, this lack of adverse effects may be a result of 
the low dose of 2.5 mg/day.® There is considerable evi- 
dence that in both nondiabetic and diabetic patients, in- 
dapamide does not interfere with either glucose use or 
insulin release,?-'' and in long-term therapy it does not 
show evidence of having adverse effects on total choles- 
terol or lipid fractions.'*-!> It appears, therefore, that by 
administering low doses of indapamide it is possible to 
achieve an effective vasodilator action without producing 
the adverse biochemical effects on lipoprotein metabo- 
lism and blood glucose that usually accompany thiazide 
diuretic therapy. This does not mean that the drug is 
totally free of adverse effects. Like the long-acting thia- 
zide diuretic chlorthalidone,'® when used in doses above 
the recommended 2.5 mg/day, it can produce hypokale- 
mia.° Although hypokalemia occurs infrequently in pa- 
tients given the recommended dose, it is important to 
ensure that patients are potassium replete before com- 
mencing therapy and to avoid therapy in patients who 
have a known tendency to lose potassium. 

It is possible that a similar absence of adverse meta- 
bolic effects may be achieved by using even lower doses of 


conventional thiazide diuretics. However, from the stud- 
ies reported here, it appears that hydrochlorothiazide 
must be given at a dose of <25 mg/day to avoid adverse 
effects on glucose, potassium and uric acid, and it re- 
mains to be established whether lower doses (e.g., 12.5 
mg/day) provide effective hypotensive therapy without 
these adverse metabolic changes. 


CONCLUSION 

The recognition of the importance of multiple cardio- 
vascular risk factors, including hypertension, and the in- 
troduction of preventive public health measures to ad- 
dress them in combination with improved medical care, 
have already contributed to an impressive decrease in 
mortality from coronary artery disease in the United 
States and Australia. 

Medical practitioners are directing increasing 
amounts of time and resources toward attempts to modify 
diet, smoking and exercise habits. With proper attention 
to these aspects, hypertension newly diagnosed in a signif- 
icant number of patients may be well controlled without 
drug therapy, and hypertension in many more patients 
will be controlled with simpler drug regimens as well as 
new drug therapies. The recognition that traditional 
drugs such as diuretics can be used effectively in lower 
doses with less risk of adverse metabolic effects is a signif- 
icant advance in the management of hypertension. 
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Efficacy of Antihypertensive Treatment with 
Indapamide in Patients with Noninsulin- 
Dependent Diabetes and Persistent 
Microalbuminuria 
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In patients with insulin-dependent diabetes, antihy- 
pertensive treatment has a beneficial effect on the 
rate of progression toward uremia of overt diabetic 
nephropathy (albumin excretion rate [AER] >300 
mg/24 hour). The influence of hypertension on the 
progression of “incipient” nephropathy (AER rang- 
ing between 30 and 300 mg/24 hours) is not well 
defined, particularly in patients with noninsulin-de- 
pendent diabetes. In this study, 21 patients with 
noninsulin-dependent diabetes and hypertension 
(11 with normoalbuminuria and 10 with microalbu- 
minuria), who were comparable for age, duration of 
diabetes and hypertension, were treated with inda- 
pamide, 2.5 mg once daily, and followed up for 24 
months. Blood pressure, glomerular filtration rate 
(GFR), albumin excretion rate and subclass 4 of 
urinary immunoglobulin G (IgG4) were indicated. 

In normoalbuminuric patients, blood pressure 
was significantly reduced, whereas AER, IgG, and 
GFR did not show any variation throughout the 
study. In microalbuminuric patients, blood pres- 
sure, AER and IgG, were significantly reduced, and 
GFR remained unchanged. In patients with nonin- 
sulin-dependent diabetes, antihypertensive treat- 
ment, which is begun during incipient diabetic ne- 
phropathy, may have a beneficial effect on the pro- 
gression of the disease, although a long-term 
follow-up study is needed to confirm this. 

(Am J Cardiol 1990;65:46H-SOH) 
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iabetes mellitus and hypertension are common- 
D: associated diseases. It is now accepted that 

treatment of hypertension will have a beneficial 
long-term effect on the rate of deterioration of renal func- 
tion in all kinds of renal diseases.! Long-term studies have 
been performed only in insulin-dependent patients with 
overt nephropathy, in whom antihypertensive treatment 
has produced a beneficial effect on renal function. Hy- 
pertension is, however, frequently present in patients with 
noninsulin-dependent diabetes who present either a high 
incidence of nephropathy or a similar risk of renal failure 
to that in insulin-dependent diabetics.* Nevertheless, 
there have been few studies on the influence of antihyper- 
tensive treatment on the progression of clinical or “incipi- 
ent nephropathy,” or both, in patients with noninsulin- 
dependent diabetes. 

The objectives of the study were to determine the 
effect of treatment of raised arterial blood pressure on the 
glomerular filtration rate (GFR), albumin excretion rate 
(AER) and subclass 4 of urinary immunoglobulin G 
(IgG,4) (recently proposed as a new marker of diabetic 
nephropathy) in patients with noninsulin-dependent dia- 
betes and hypertension with and without microalbumin- 
uria. 


METHODS 

Twenty-one patients with noninsulin-dependent dia- 
betes and hypertension were entered into the study. They 
were grouped according to the daily urinary excretion of 
albumin (three 24-hour urine samples collected at home): 
11 had normoalbuminuria (AER <30 mg/24 hours), 
mean age 49.5 years (range 45 to 54), mean duration of 
diabetes 7.5 years (range 6.5 to 9.5), mean duration of 
hypertension 9.5 years (range 7.5 to 11), body mass index 
<30 kg/m? (group 1); 10 had microalbuminuria (AER 
ranging between 30 and 300 mg/24 hours), mean age 51 
years (range 44.5 to 56), mean duration of diabetes 8.5 
years (range 7 to 9.5), mean duration of hypertension 10 
years (8.5 to 11), body mass index <30 kg/m? (group 2). 
The latter were classified as having incipient diabetic 
nephropathy according to the following criteria: persis- 
tent microalbuminuria, sterile urine without ketonuria 
(<2+), duration of diabetes more than 5 years and no 
history of kidney or urinary tract disease.’ 

Informed consent was obtained from all patients ac- 
cording to the principles of the Declaration of Helsinki. 





TABLE I Results Obtained in the Two Groups on Blood Pressure, Glycemia, Glycated Hemoglobin, Plasma Sodium and Plasma 


Potassium 


Variables 0 3 


Month 


6 12 18 24 


Patients with Normoalbuminuria 


Systolic blood 160.0 (4.1) 150.0* (4.3) 

pressure (mm Hg) 
Diastolic blood 

pressure (mm Hg) 
Fasting blood 

glucose (mg/dl) 
Postprandial 

blood glucose (mg/dl) 
Glycated 

hemoglobin (%) 
Plasma sodium 

(mEq /liter) 
Plasma potassium 

(mEq /liter) 


95.5 (2.2) 91.1* (1.6) 


128.1 (5.3) 120.3 (4.6) 
156.6 (7.7) 154.7 (4.8) 
5.84 (0.54) 6.33 (0.48) 
141.2 (1.0) 141.3 (0.8) 


4.52 (0.10) 4.28 (0.09) 


145.01 (5.2) 
88.01 (3.1) 
118.4 (3.9) 
149.5 (6.3) 
5.91 (0.44) 
142.4 (0.9) 


4.21 (0.09) 


135.5! (3.8) 129.51 (2.6) 128.51 (2.2) 


83.51 (1.1) 81.51 (0.8) 81.51 (0.8) 


124.7 (5.2) 116.8 (3.4) 112.0 (4.7) 


153.3 (5.1) 152.0 (4.3) 151.0 (3.6) 


6.18 (0.34) 6.58 (0.23) 6.48 (0.19) 


141.3 (0.8) 139.8 (0.4) 140.2 (0.5) 


4.32 (0.12) 4.13* (0.11) 4.03" (0.04) 


Patients with Microalbuminuria 


Systolic blood 168.51 (3.9) 

pressure (mm Hg) 
Diastolic blood 

pressure (mm Hg) 
Fasting blood 

glucose (mg/dl) 
Postprandial 

blood glucose (mg/dl) 
Glycated 

hemoglobin (%) 
Plasma sodium 

(mEq /liter) 
Plasma potassium 

(mEq /liter) 


vs basal values * p <0.05; t p <0.01. 
Values are mean + standard deviation. 


181.5 (3.3) 


99.0 (2.2) 93.01 (1.9) 


123.5 (6.1) 115.4 (6.1) 


149.3 (5.7) 146.6 (7.3) 


6.70 (0.17) 6.40 (0.26) 


142.3 (0.9) 140.0 (0.6) 


4.30 (0.07) 4.28 (0.11) 


The patients had mildly increased arterial blood pres- 
sure: systolic blood pressure ranging between 150 and 180 
mm Hg, diastolic blood pressure ranging between 90 and 
105 mm Hg. They were given a diet with a fixed amount 
of protein (1 g/kg) and carbohydrate and a normal di- 
etary intake of sodium; 11 of 21 were receiving treatment 
with oral hypoglycemic drugs (sulfonylureas). Patients 
were not included if there was any evidence of hepatic or 
gastrointestinal disease, marked dyslipidemia, renal or 
urinary tract diseases or cardiac insufficiency. 

After a washout period of 15 days, patients were treat- 
ed with indapamide (2.5 mg/day orally) and followed up 
for 24 months. At monthly intervals blood pressure was 
measured, every 3 months fasting and postprandial blood 
glucose, glycated hemoglobin (HbAjc), plasma sodium 
and potassium were evaluated, and every 6 months AER, 
GFR and urinary IgG, were determined. 

Blood pressure was measured with a standard mercu- 
ry sphygmomanometer (cuff 25 X 12 cm). Measure- 
ments were performed 3 times after 10 minutes of rest in 
the supine position. Diastolic blood pressure was mea- 
sured at the disappearance of Korotkoff sounds (phase 
V). 


159.01 (3.9) 
89.51 (1.4) 
120.0 (4.4) 
148.3 (3.5) 
6.60 (0.23) 
143.2 (0.9) 


4.35 (0.08) 


151.01 (3.1) 142.51 (3.4) 129.51 (1.2) 


85.51 (1.2) 84.01 (1.2) 79.51 (1.6) 


111.3 (3.0) 112.0 (3.6) 116.0 (3.4) 


145.1 (4.2) 148.5 (3.6) 128.0 (14.5) 


6.40 (0.28) 6.66 (0.17) 6.58 (0.15) 


142.2 (1.0) 141.1 (0.7) 140.6 (0.5) 


4.21 (0.11) 4.07 (0.09) 4.13 (0.09) 


Serum sodium and potassium concentrations were 
measured by the Jaffe cromogen reaction. Glycemia was 
analyzed with the glucose-oxidase method with an au- 
toanalyzer. HbA;c was determined with microcolumn 
chromatography. 

GFR was determined after a single intravenous injec- 
tion of 100 of „Cu >'Cr-ethylene diaminetetraacetic acid 
(EDTA) (Sorin Biomedica, Saluggia, Italy) by studying 
the plasma radioactivity in venous blood samples taken 
from the other arm 90, 120, 150, 180, 210 and 240 min- 
utes after the injection. The results were corrected ac- 
cording to the standard body surface area (1.73 m?).° 
Values in control subjects were 115 + 15.4 ml-min™! X 
1.73 m?. 

Albuminuria was assayed by a method based on the 
competitive binding between '*°I-labeled and unlabeled 
albumin against antialbumin immunoglobulins coating 
plastic tubes. This procedure, which was developed in our 
laboratory, detects up to 25 ng of albumin per milliliter.’ 

A solid phase immunoenzymatic sandwich method 
was used to determine urinary IgG4. This method was 
devised in our laboratory and used monoclonal antibody 
to human immunoglobulin subclasses indirectly bound to 
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GFR 
ml/mn/1.73 m? 


LJ] @ 


24 months 


FIGURE 1. Glomerular filtration rate (GFR) in the lower limit of the normal range either in normoalbuminuric (open bars) or in 
microalbuminuric (slashed bars) patients at the beginning of the study. There was no significant variation throughout the obser- 


vation period. 


a solid matrix. The urinary human immunoglobulin sub- 


class was identified from an enzyme-labeled antihuman 
immunoglobulin antibody. This assay can detect less than 
1 ng/ml of IgG, (normal range 0.9 to 3.9 ng/ml).° 

Urine samples were kept at —20°C until analysis, 
which was performed in random order within 2 months. 

Results are expressed as mean + standard deviation. 
The variations of quantitative variables with indapamide 
treatment were tested by a 2-way analysis of variance 
(group X time) with repeated measures, and by a 2-way 
analysis of variance (time X subject) without repetition of 
all the values obtained between 1 and 24 months; in the 
case of a significant time effect, the Newman-Keul’s test 
for multiple comparisons was performed. 


RESULTS 

Results were obtained in 10 normoalbuminuric 
(group 1) and 10 microalbuminuric (group 2) patients. 

Effects on blood pressure (Table I): After 3 months of 
therapy, systolic and diastolic blood pressures had de- 
creased significantly (p <0.01) and remained significant- 
ly reduced until month 24 (p <0.01). 

Effects on glucose tolerance (Table I): Indapamide 
had no statistically significant effect on mean blood glu- 
cose concentrations. There were no changes in mean fast- 
ing and postprandial blood glucose, and glycated hemo- 
globin remained unchanged. 

Effects on sodium and potassium balance (Table I): 
Plasma sodium concentrations were similar in both 
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groups and no significant change was observed in this 
study. Indapamide did not lower serum potassium con- 
centrations in microalbuminuric patients (group 2) but a 
statistically significant decrease in mean serum potassi- 
um concentration occurred in normoalbuminuric patients 
(group 1), from 4.52 to 4.13 mEq/liter at month 18 (p 
<0.05) and to 4.03 mEq/liter at month 24 (p <0.01). 

Effect on renal function: Basal GFR was slightly re- 
duced in group 2 and in the lower limit of the normal 
range in group 1; it did not show any significant differ- 
ence throughout the study in either group (Fig. 1). There 
was a constant, significant reduction in the high albumin 
excretion rate in group 2 (Fig. 2). In normoalbuminuric 
patients, AER showed no variation throughout the obser- 
vation period. 

As expected, basal IgG, excretion was elevated in 
group 2 compared with that in group 1 (20.77 + 2.25 vs 
3.30 + 0.43 ng/ml). At the end of the study, a significant 
reduction was achieved in the former group without 
reaching normal values (Fig. 3). Unfortunately, no rela- 
tionship was found between blood pressure, AER and 
IgG, and between AER and IgG, excretion. 


DISCUSSION 

After some 15 years of disease, one-third of patients 
with insulin-dependent diabetes develop the clinical syn- 
drome of diabetic nephropathy: persistent proteinuria 
(AER >300 mg/24 hours), a decline in the GFR and an 
increase in blood pressure.’ In patients with noninsulin- 





AER mg/24 h NORMOALBUMINURICS 


upper limit of 
normal range 


months 


AER mg/24 h MICROALBUMINURICS 


* p <0.05 
xx D <0.01 


upper limit of 
normal range 


months 


FIGURE 2. Evolution of albumin excretion rate (AER) in nor- 
moalbuminuric and microalbuminuric patients. 


dependent diabetes the incidence of nephropathy is much 
lower (5%), but, because of the high numbers of noninsu- 
lin-dependent diabetics in the general population, a simi- 
lar number of these patients reach the end stage of renal 
failure.'°:!! Both experimental!? and clinical!? studies 
emphasize the importance of systemic arterial hyperten- 
sion in the progression of diabetic nephropathy in either 
type of diabetes. 

In our study, systolic blood pressure was significantly 
higher in microalbuminuric than in normoalbuminuric 
patients (181.5 + 3.3 vs 160.0 + 4.1 mm Hg, p <0.001), 
but there was no difference in diastolic blood pressure. 
These results are not in complete agreement with those 
previously observed in insulin-dependent diabetics in 
whom both systolic and diastolic blood pressures have 
been found to be significantly higher at the onset of incip- 
ient nephropathy.!'* This result is probably due to the fact 
that approximately 20% of noninsulin-dependent diabet- 
ics are hypertensive before the diagnosis of the disease,!> 
and there are various pathogenetic mechanisms in hyper- 
tension including hyperinsulinemia and obesity. 

Extensive prospective studies have suggested that dia- 
betic patients with AER ranging between 30 and 300 
mg/24 hours (so-called “microalbuminuria”’) present a 
20-fold increased risk of developing clinical nephropathy 
compared with patients with AER below this level.'®!° 
The risk may be reduced by continuous subcutaneous 
insulin infusion or by careful antihypertensive treat- 
ment.?? 


IgG4 ng/ml NORMOALBUMINURICS 


upper limit of 
normal range 


24 months 


IgG4 ng/ml MICROALBUMINURICS 


_ upper limit of 
normal range 


months 


FIGURE 3. Evolution of urinary IgG, in normoalbuminuric and 
microalbuminuric patients. 


Albuminuria is currently the most reliable parameter 
to monitor the different stages of diabetic nephropathy.!’ 
Nevertheless, albumin has a relatively small molecular 
weight, and small amounts of it may be found in the urine 
as a result of factors such as physical exercise, ortho- 
statism, urinary infections, water loading and hyperten- 
sion (albumin shows wide variability: approximately 30 
and 45%?!). To overcome this problem, some investiga- 
tors have focused attention on subclasses of immunoglob- 
ulin G, medium-sized proteins of similar molecular 
weight but with different electrostatic charges; among 
these subclasses, IgG; is the only anionic immunoglobu- 
lin G.24-4* 

We have found significantly higher excretion of uri- 
nary IgG, in microalbuminuric than in normoalbumin- 
uric patients and in control subjects. After 6 months of 
treatment, there was a significant decrease in either AER 
or IgG, excretion which persisted during medium-term 
follow-up. 

Our results suggest that in noninsulin-dependent pa- 
tients with microalbuminuria, excretion of both small and 
medium-sized anionic proteins is increased. This indi- 
cates an underlying charge-selectivity alteration of the 
glomerular wall. The evidence for a relatively rapid de- 
crease in the excretion of such proteins after antihyper- 
tensive treatment appears to be related to the reduction in 
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systemic arterial pressure. Moreover, the reduction in 
albumin and IgG, excretion was not accompanied by a 
decrease in GFR, which suggests that other mechanisms 
are involved. Since the kidney vasculature of diabetic 
patients exhibits marked vasodilation, it seems likely that 
even slight reductions in systemic arterial pressure would 
reduce glomerular capillary hydraulic pressure, as shown 
in experimental studies in rats, and thereby prevent the 
subsequent development of glomerular injury.* 

Different studies have shown that microalbuminuria 
is enhanced by poor glycemic control*°-** and lowered by 
restriction of dietary protein intake.*?~?! In our microal- 
buminuric group, however, blood glucose control did not 
show any significant variation during the study period 
(Table I) and the diet. was not changed with respect to 
protein intake. Urinary urea excretion, which can be used 
as an estimate of protein intake, was stable during the 
period of observation (basal: 246 + 84; 12 months: 271 + 
93; 24 months: 253 + 88 mol/24 hours). Therefore, we 
believe that neither metabolic control nor protein intake 
had any significant influence on our results. 

We conclude that in the early phase of diabetic ne- 
phropathy a charge-selectivity impairment is responsible 
for the urinary loss of anionic proteins. Nevertheless, the 
possible role of tubular reabsorption requires clarifica- 
tion. 

Antihypertensive treatment results in a decrease in 
urinary protein excretion in patients with “incipient” dia- 
betic nephropathy. Whether these changes will also help 
to delay the course of progressive renal failure cannot be 
evaluated from our study and has yet to be established 
from longer periods of observation. 
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Long-Term Diuretic Therapy and Renal Function 
in Essential Arterial Hypertension 


Jose M. Alcazar, MD, Jose L. Rodicio, MD, and Luis M. Ruilope, MD 


One of the main objectives of antihypertensive ther- 
apy is to preserve renal function from the deleteri- 
ous effects of elevated blood pressure. Diuretics 
alone or in combination are effective for the treat- 
ment of arterial hypertension. Nevertheless, their 
use is accompanied by unwanted biochemical side 
effects, which have been attributed to their renal 
effects. 

During the last 10 years a group of 211 pa- 
tients, diagnosed as having essential hypertension, 
were followed up. During the follow-up, they re- 
ceived a stepped-care therapeutic regimen consist- 
ing of nonpharmacologic measures (group 1), hy- 
drochlorothiazide and amiloride (group 2), propran- 
olol (group 3) and, if necessary, hydralazine (group 
4). 

During the study, blood pressure remained with- 
in comparable, well-controlled levels in the 4 
groups of patients. A progressive elevation of the 
levels of total serum cholesterol and glucose was 
observed in every group. The elevation attained 
statistical significance (p <0.01) after 4 years of 
therapy in those groups receiving the diuretic alone 
or in combination. Nevertheless, after 8 years of 
follow-up, the increment observed in these 2 pa- 
rameters did not differ when patients in group 1 
were compared with those in the remaining groups, 
indicating that thiazide diuretics could contribute to 
the earlier appearance of forthcoming events. Se- 
rum potassium levels were significantly lower (p 
<0.01) in groups 2 and 3 than in group 1. 

At the same time, we have observed the pro- 
gressive appearance of clinically relevant protein- 
uria in 15.2% of patients, and the range of protein 
excretion ranged from 350 to 3,700 mg/24 hours. 
The appearance of proteinuria did not depend on 
the lack of control of blood pressure, nor on the dif- 
ferent therapeutic requirements but was accompa- 
nied by a progressive decrease in creatinine clear- 
ance. 

The consequences of the renal effects of diuret- 
ics are of great importance during long-term thera- 
py. The present results indicate that diuretics pre- 
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empt the appearance of a forthcoming increase in 
serum glucose and cholesterol, and lessen the clini- 
cal relevance of these events. On the other hand, 
diuretic therapy alone or in combination does not 
seem to fully protect the kidney from the deleteri- 
ous effects of arterial hypertension. 

(Am J Cardiol 1990;65:51H-—54H) 


ral diuretics are among the most widely used 
() ine in clinical practice today. Use of these 

drugs has greatly contributed to the observed re- 
duction in morbidity and mortality in arterial hyperten- 
sion, which has been brought about mainly by the preven- 
tion of stroke and congestive heart failure.'! Their influ- 
ence on the incidence of coronary artery disease has, 
nevertheless, not been shown to be beneficial in any clini- 
cal trial. This fact has been attributed, at least partly, to 
the biochemical side effects of diuretic therapy,* which 
are mainly attributable to their pharmacologic action on 
the kidney.’ 

The relationship of hypertension to progressive renal 
dysfunction remains a matter of debate. A clear improve- 
ment of renal function or an arrest in its deterioration 
during treatment has been shown in malignant hyperten- 
sion.*~© Other studies have shown, however, that renal 
impairment may develop despite an excellent control of 
blood pressure with different therapeutic regimens in- 
cluding diuretics.’~!° 

The aim of this report is to review briefly our experi- 
ence with the renal effects of diuretic therapy alone or in 
combination during the long-term treatment of a group of 
211 patients diagnosed as having mild to moderate essen- 
tial hypertension and followed up for 10 years. Patients 
were included in a stepped-care therapeutic regimen ac- 
cording to the following successive steps: nonpharmaco- 
logic measures (group 1), and a diuretic (hydrochlorothi- 
azide and amiloride) (group 2) to which a 8 blocker 
(propranolol) (group 3) was added if necessary. Hydrala- 
zine was used as the third drug (group 4) if blood pressure 
control was unsatisfactory. 


BIOCHEMICAL SIDE EFFECTS 
OF DIURETIC THERAPY 

The likely development of most of the more common 
complications of diuretic use appears to be related to the 
intrinsic activity of these drugs and depends on the dose 
and duration of treatment.* The most relevant adverse 
effects are hyperuricemia and the impairment of glucose 
tolerance, which is related to hypokalemia and hyperlipi- 
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TABLE I Serum Potassium Levels (mmol/liter) in Groups 1 to 4 


Baseline 


Group 1 41404 42403 41404 421404 
(n = 39) 
Group 2 
(n = 96) 
Group 3 
(n = 50) 
Group 4 


(n= 26) 


41+04 406404 41403 405404 


395405 42205 41405 4.10.5 


4.2406 39406 41405 422405 


Baseline 


6.2207 © 5.2207 


54410 5441.6 


5640.8 3641.3 


See + OSA 


* Significant (p <0.05) difference from baseline. 
t Significant (p <0.01) difference from baseline. 
Values are mean + standard deviation. 


4.3+0.4* 


4.02 + 0.4 


4.1+0.5 


4.05+0.4 


5.0+ 0.7 


6.5 +0.9* 


5.92 1.3" 


6.0+ 1.3! 


4.3404* 43404* 44404* 44403* 44240.3* 


40+0.4 41+0.4 414+04 4.1+0.4 4.10.3 


4.1+0.5 4.1+0.4 4.2+0.4 4.3+0.5 4.2+0.4 


4.06 + 0.6 4.10.5 4.1 +40.4 4.1 +40.5 4.1 +40.4 


5.4+0.7 5.7 + 1.8! 5.641.0' 57409 572408! 


5641.1* 58208* 5724091 5941.17 58208! 


6.2 + 1.8! 5941.1* 5941.0' 582408" 59409 


6.11.57 602+1.1f 612410' 6224091 6141.1 


TABLE Ill Serum Cholesterol Values (mmol/liter) in Groups 1 to 4 


Baseline 


5.2541.0 54341.0 548406 561414 


5.46418 561410 548411 56941.1 


§.4841.2 53041.0 5.2841.0 56941.0 


§.3041.0 546407 551406 5440.8 


* Significant (p <0.05) difference from baseline. 
t Significant (p <0.01) difference from baseline. 
Values are mean + standard deviation. 


demia. Hyperuricemia is present in as many as 30% of 
untreated hypertensive patients, and this percentage can 
double with the use of a thiazide diuretic.'':'!* There is a 
general agreement that in the absence of clinical manifes- 
tations related to uric acid deposition, hyperuricemia does 
not need to be treated. 

In a previous publication by our group,'* we described 
the unwanted biochemical side effects that appeared in 
this same group of patients after 5 years of follow-up. 
Then, groups 2, 3 and 4, in which diuretics were used 
alone or in combination with a @ blocker and a vasodila- 
tor, had a significant increase in serum glucose and total 
cholesterol that was not seen in the group controlled with 
nonpharmacologic methods. Patients taking the diuretics 


52H THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


5.74+1.0 


5.92 + 1.2! 


6.08 + 1.4? 


5.64 + 0.9 


6.03+1.8* 6.08+1.8' 61041.8' 63941.3' 621409! 


§.92+1.11 6.04+1.2t 6041.31 5954131 603409! 


5.91.11 6.01.2t 6.21+0.9t 6.39+0.9t 6.2840.9' 


5:794: LOT 5.95+1.2" 579E 117 5.91.11 5.95 £0.7 


alone or in combination also had significantly lower levels 
of serum postassium. 

Hypokalemia is the most serious adverse effect of 
long-term diuretic therapy. The values of serum potassi- 
um in the 4 groups of patients were not different at the 
beginning of the study (Table I). During the follow-up, 
patients did not show any significant variation in kalemia. 
This differs from the study of Morgan and Davidson!* 
who reported hypokalemia when only a thiazide diuretic 
was used. 

Impairment of glucose tolerance has also been de- 
scribed with the use of thiazide diuretics. It appears to be 
closely related to diuretic-induced hypokalemia, which 
decreases insulin secretion.'> In our patients, a significant 





increase in serum glucose was already seen in the fourth 
year of diuretic therapy in the 3 groups in which this drug 
was used (Table II). Unexpectedly, a significant increase 
in serum glucose levels was observed in group 1 from the 
sixth year of follow-up and thereafter. The glucose levels 
in group | were not significantly different from those 
observed in the other 3 groups at the end of the follow-up. 
These results seem to indicate that when considering se- 
rum glucose levels, diuretic therapy appears to preempt a 
forthcoming event. 

The effect of diuretic therapy on the lipid profile of 
hypertensive patients is characterized by an increase in 
total cholesterol, triglycerides, and very low density lipo- 
protein cholesterol levels.'® After 4 years of diuretic ther- 
apy, these patients had a significant increase in total 
serum cholesterol, but a progressive decrease in triglycer- 
ides was observed in the 4 groups.'? This pattern of tri- 
glycerides has been maintained throughout the study. 
The interpretation of this finding is not easy to explain. 
The Oslo Study!” found no change in serum triglyceride 
levels during a follow-up of 5 years with the same diuretic 
combination that was used in this study. It is possible that 
the type of diuretic used could have influenced the differ- 
ent behavior of serum triglycerides observed. A change in 
dietary habits could also explain this decrease. 

The elevation in total cholesterol levels was main- 
tained during the long-term follow-up in groups 2, 3 and 4 
(Table III). The patients in group 1, who did not receive 
drugs, also had a significant increase in total serum cho- 
lesterol from the sixth year of treatment. As in the case of 
serum glucose, the levels of total cholesterol in group 1 
were not different when compared with the groups that 
received the diuretic. These results point to the existence 
of a progressive increase in total cholesterol in the hyper- 
tensive population independently of the use of antihyper- 
tensive medication. Diuretic therapy may then preempt 
a forthcoming elevation of cholesterol. The analysis of 
our data is in agreement with previous reports!® in 
which the increase was more marked in postmenopausal 
women. 


ARTERIAL HYPERTENSION AND 
PROGRESSIVE RENAL DYSFUNCTION 

The reduction of blood pressure does not always slow 
the progression of renal damage. Since the initial work of 
Perera,'? it is known that untreated arterial hypertension 
leads to the development of renal vascular damage char- 
acterized by the appearance of proteinuria and renal in- 
sufficiency. Arterial hypertension is known to damage the 
kidney through 2 different mechanisms. One is vasocon- 
striction and intrarenal vascular sclerosis; the second is 
the transmission of the elevated systemic pressure to the 
glomeruli, leading to increased glomerular pressure and 
flow.?° 

In our patients, we have observed the progressive de- 
velopment of overt proteinuria (>300 mg/day), attaining 
a 17.5% incidence by the end of the follow-up. The devel- 
opment of proteinuria did not depend on a lack of control 
of blood pressure or on different therapeutic require- 
ments.*! The groups of patients presenting with protein- 


TABLE IV Serum Creatinine Levels (umol /liter) and 
Creatinine Clearance (ml/min) in Patients 


Serum Creatinine Creatinine Clearance 


Baseline End of Study Baseline End of Study 


Patients 97 +44 124+ 39* 88 & SOK i. 71.26? 


developing 
proteinuria 
Patients not 
developing 
proteinuria 


* Significant (p <0.01) difference from baseline. 
Values are mean + standard deviation. 


uria at the end of the study had a progressive increase in 
serum creatinine accompanied by a decrease in creatinine 
clearance (Table IV). 

The interpretation of these results is difficult. The 
development of proteinuria has been described in sponta- 
neously hypertensive rats as genetic.* It is also possible 
that the type of antihypertensive drug used causes a cer- 
tain degree of glomerular damage. In fact, the use of a 
similar therapeutic regimen has been proved not to be 
useful in the prevention of glomerular damage secondary 
to the maintenance of an increased intraglomerular capil- 
lary pressure.”? 


88 + 27 88+ 18 87 + 25 


CONCLUSION 

In summary, our results indicate that diuretic therapy 
alone or in combination induces an increase in serum 
glucose and total cholesterol levels that is not as clinically 
relevant as previously thought. On the other hand, al- 
though a prevention of progressive renal dysfunction ex- 
ists when compared with untreated patients, this thera- 
peutic regimen does not seem to fully protect renal func- 
tion in hypertensive patients. 
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Diuretics and Transmembrane lonic Exchanges: 
Structure-Activity Relations and 
Clinical Applications 


Javier Diez, MD 


The study of membrane ion transport has facilitat- 


ed the discovery of potent and quite specific inhibi- 
tory drugs. Some of these compounds are thera- 
peutic agents acting on basic transport mecha- 
nisms as in the case of the cardiac glycosides on 
the myocardial sodium ion (Na+), potassium ion 
(K+) pump, and the loop diuretics on the renal Na+, 
K+, chloride (CI-) co-transport system. The devel- 
opment of inhibitors for other transport systems 
such as Na‘ /hydrogen ion (H+), Na*/calcium ion 
(Ca**) and bicarbonate (HCO; -)/CI- exchangers 
requires the screening of a large number of mole- 
cules. For several reasons, the human red blood cell 
is one of the best models for screening the effect of 
drugs on ion transport mechanisms. The use of hu- 
man red cells for pharmacologic studies of ion 
transport has increased the understanding of the 
structure-activity relations of diuretics. For in 
stance, loop diuretics that are chemically neutral 
were considered for many years as drugs that act 
similarly to classic acid loop diuretics. They are 
now considered as potent inhibitors of HCO; /CI- 
anion exchange. A brief summary of the more re- 
cent results is given together with the perspectives 
of new fundamental and therapeutic applications of 
these compounds. 

(Am J Cardiol 1990;65:55H-57H) 
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of diuretics on the kidney were considered as 

the primary mechanisms of action of these drugs. 
However, the mechanism of action of most diuretics is 
now considered to be a direct effect of the drug on the 
tubular reabsorption of salt and water. More specifically, 
diuretics inhibit the transport processes that control ion 
reabsorption at each segment of the nephron. ! 

Recent experiments on both renal and nonrenal tissue 
have provided new insights into the molecular mecha- 
nisms of inhibition of ion transport by diuretics. This 
report briefly reviews recent pharmacologic studies to- 
gether with their potential applications. 


Ox: hemodynamic and metabolic effects 


STRUCTURE-ACTIVITY RELATIONS 

The ion transport systems of human red cell mem- 
branes are pharmacologically similar to those of other 
cells. In addition, correlations with chemical or physical 
properties of the cell membranes are facilitated by the 
great amount of information accumulated in the last few 
years concerning structural and functional properties of 
the red cell membrane. These and other reasons account 
for the fact that the human red blood cell is now widely 
used for screening the effect of drugs on ion transport 
mechanisms. 

From these studies it is established that the diuretics 
that inhibit ionic transport exchange can be divided into 3 
groups: those acting at anion translocating sites, those 
acting at cation translocating sites, and those acting at 
nontranslocating sites. 

Diuretics acting at anion translocating sites: The 
classic representatives of this group are the loop diuretics 
of the sulfamoylbenzoic family (furosemide, bumetanide 
and piretanide) and those of the (aryloxy) acetic acid 
family (ethacrinic acid and indacrinone). Their mecha- 
nism of action involves a competition of the R-COO7- 
group with chloride for a common receptor site on differ- 
ent chloride (C1-) transport systems.’ This is the situa- 
tion with the sodium ion (Nat), potassium ion (K+), C17 
co-transport system that exists in human red cells and 
which shares similar properties with the co-transport sys- 
tem catalyzing luminal Nat reabsorption at the thick 
ascending limb of Henle’s loop.* Indeed, good correla- 
tions were found between saluretic activity of loop diu- 
retics and inhibition of the Nat, K+, CI- co-transport 
system in erythrocytes.’ 

Diuretics acting at cation translocating sites; Amilo- 
ride is the main representative of this group of transport 
inhibitors. This compound has a guanidine group that is 
positively charged at physiologic pH and can therefore 
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FIGURE 1. The effect of different concentrations of xipamide 
on the inhibition of the erythrocyte (HCO3-/CI-) anion ex- 
changer by 4,4'-diisothiocyano-2,2'-stilbene-disulfonic acid 
(DIDS). No interaction was observed between xipamide and 
DIDS. Similar results were observed in 3 other experiments. 
(The activity of the anion exchanger was evaluated by mea- 
suring the DIDS-sensitive lithium carbonate (LiCO3-) influx in 
fresh erythrocytes incubated into a medium containing 
Li-CO3.) 


interact with the Na? sites of different carriers, as, e.g., 

the Nat/hydrogen ion (H+) exchange system.° 
Different findings are consistent with the presence of 

an amiloride-sensitive Na+/H+ exchange system in hu- 


ee DIDS 
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FIGURE 2. The effect of different concentrations of chloride 
(CI-) on the inhibition of the erythrocyte HCO; /CL anion ex- 
changer by DIDS and xipamide. When cells were incubated in 
the presence of a constant inhibitory dose of DIDS, increasing 
external chloride progressively decreased the level of inhibi- 
tion of the anion exchanger. In contrast, no interaction was 
observed between xipamide and chloride. Similar results were 
observed in 5 other experiments. (The activity of the anion ex- 
changer was evaluated by measuring the DIDS-sensitive 
LiCO;~ efflux from erythrocytes previously loaded with 
Li-CO3.) 
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INTERNAL EXTERNAL 


<— Cl, anions, DIDS... 


<— Anions, NAP-taurine, xipamide 


FIGURE 3. Representation of the site of inhibition of the 
erythrocyte HCO3-~/CI- anion exchanger by each inhibitor. Xi- 
pamide might act at a modifying site located at the external 
surface of the membrane. Me = external modifying site; 

Mi = internal modifying site; Te = external translocating site; 
Ti = internal translocating site. 


man red cells.’ Evidence suggests that this system, pres- 
ent in red blood cells, is the amiloride-sensitive Na+/H+ 
exchange found in renal microvillus membrane vesicles.’ 

Diuretics acting at nontranslocating sites: Canren- 
one is the active metabolite of spironolactone. Its mecha- 
nism of action was supposed to involve a competition with 
aldosterone for a common cytosolic receptor in distal and 
collecting tubules of the nephron.’ However, canrenone 
also acts like a partial agonist at the digitalis receptor site 
of the erythrocyte Nat, Kt pump.!° Therefore, the inter- 
action of canrenone with the renal Nat, K+ pump in 
producing natriuresis may involve an additional mecha- 
nism. 

Another example of a drug possibly acting at regula- 
tory sites is xipamide, a loop diuretic that inhibits a bicar- 
bonate (HCO;~)/Cl~ anion exchanger in human red 
cells.!! Because xipamide does not interfere with the inhi- 
bition of anion exchanger by stilbene disulfonates such as 
4,4’-diisothiocyano-2,2’-stilbene-disulfonic acid (DIDS) 
(Fig. 1), and the [Cso for xipamide is not modified by the 
presence of anions such as Cl” (Fig. 2), this compound 
may inhibit the anion exchanger by binding to an inhibi- 
tory site(s) at the extracellular surface of the membrane 
(Fig. 3).!? 

From these studies it is suggested that xipamide might 
affect Nat reabsorption by inhibiting the HCO3;~/CI- 
anion exchanger located at the thick ascending limb of 
Henle’s loop.!? 


NEW TRENDS AND FURTHER 
DEVELOPMENTS 

It is accepted that the genetic and hormonal factors 
determining the activity of ion transporters in cardiovas- 
cular and renal cells provide mechanisms to regulate 
blood pressure and renal Na* excretion (see reference 14 
for review). For instance, the activation of vascular Nat / 
H+ exchange by vasoactive agents such as angiotensin II 
reduces Nat gradient for calcium ion (Ca?*) extrusion 
by Nat/Ca’* exchange and produces vasoconstriction 
(see reference 15 for review). 

In this regard, the study of the effects of diuretics on 
ion transport systems in human red blood cells can pro- 





vide an assessment of the procedure to design new mole- 
cules with increased therapeutic efficacy in clinical condi- 
tions such as hypertension. 

Thus, although amiloride is a weak inhibitor of the 
Nat /H* exchanger, the presence of carbon chains on the 
5 amino position of the pyrazine ring of amiloride in- 
creases the inhibitory potency of the molecule; the best 
compound so far is N-5-ethylisopropylamiloride, which 
can be as much as 200 times more potent than amilo- 
ride. !©!7 

Direct inhibition of Nat/Ca’+ exchange may also 
represent a potential mechanism to produce vasodilation. 
Indapamide, a nonthiazide diuretic, seems to act primari- 
ly on the plasma membrane of spontaneously active 
smooth muscles by reducing the inward calcium ion cur- 
rent.!® If this effect is responsible for the antihypertensive 
properties of the compound, further investigation is re- 
quired. 


CONCLUSION 

Studies of the effects of diuretics on ion transport 
mechanisms have contributed to the knowledge of their 
molecular mechanisms of action. This is actually trans- 
lated into the development of structure-activity investiga- 
tions addressed to enhance the clinical applications of 
these drugs by increasing the number of their potential 
target cells and mechanisms. 
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Twenty-Four-Hour Blood Pressure Monitoring 
and Effects of Indapamide 


Joan Ocon, MD, and Jose Mora, MD 


Twenty-four-hour blood pressure (BP) monitoring 


with a noninvasive device (Kontron) has been used 
to assess the effect of a single dose of indapamide 
in a group of patients with essential hypertension. 

Originally 23 patients were selected. Three pa- 
tients withdrew from the study because of refusal 
to go through the second 24-hour recording. Eight 
of the remaining patients had to be excluded for 
technical reasons, which left 12 patients available 
for analysis. All patients received a single dose of 
indapamide, 2.5 mg/day. Before treatment began, 
a 24-hour BP control was performed, and a second 
one a month later (37 + 8 days). The age of the pa- 
tients was 46 + 10 years. Diurnal BP (8 AM to 10 
PM) and heart rate were, respectively, 148 + 15/ 
101 + 6 mm Hg and 79 + 9 beats/min; night BP 
(10 PM to 8 AM) was 131 + 15/88 + 7 mm Hg and 
heart rate 71 + 10 beats/min. After therapy, diur- 
nal BP was 131 + 15/92 + 7 mm Hg (—15 + 7/-8 
+ 4: p <0.0001/p <0.0001); heart rate 82 + 8 
beats/min (difference not significant); night BP 
was 115 + 13/80 + 8 mm Hg (—16 + 11/-8 +7: 
p <0.0001/p <0.0001) and heart rate 70 + 9 
beats/min (difference not significant). Twenty-four- 
hour systolic work values were 106 + 15 at the be- 
ginning of the trial and 96 + 14 (—9.7 + 14; p 
<0.05) after 1 month of indapamide treatment. 
Variability did not change with treatment. 

These results confirm that 24-hour BP monitor- 
ing gives better information on response to treat- 
ment and that indapamide decreases BP in mild 
and moderate hypertension throughout the day 
while systolic work decreases only during night- 
time. 

(Am J Cardiol 1990;65:58H-—61H) 


From the Hypertension Unit, Nephrology Service, Fundacion Puigvert, 


Barcelona, Spain. 
Address for reprints: Joan Ocon, MD, Hypertension Unit, Nephro- 
logy Service, Fundacion Puigvert, Barcelona, Spain. 


S8H THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


umerous studies have proved that continuous 
JN ess of blood pressure (BP) over periods of 
24 hours or more are very useful in the assess- 

ment of individual variations of BP throughout the day as 
well as in evaluating responses to drug treatment. Other 
studies concerning relationships of left ventricular mass 
and complications of hypertension with ambulatory BP 
have shown better correlations than with casual BP read- 
ings.!-4 The last, but not least, advantage of this tech- 
nique has been the avoidance of so-called white coat 
hypertension, since it decreases the conditions for the 
alert reaction to appear.>-° 

Two methods are currently available, the intraarteri- 
al, which requires an invasive technique, and the noninva- 
sive, based on the oscillation or auscultation of the pres- 
sure waves and signals. Both techniques have advantages 
and shortcomings. The invasive method, in which the 
recording is made for ultimate beat-to-beat analysis, is 
the more exact and can be used in basic cardiovascular 
research; however, it is difficult to use it in the same 
patient more than once because of its aggressive approach 
and the risk of any catheterization. Noninvasive methods 
do not have these disadvantages; they can be used as 
many times as deemed necessary, patient adaptability 
being the main factor to consider. On the other hand, they 
bring only a discontinuous line of information on function 
in the programmed periods, and their correspondence 
with the beat-to-beat analysis is not considered adequate. 
Nevertheless, their use in studying the effects of drugs in 
clinical trials with large numbers of patients is quite satis- 
factory.’~!° 

In this study, our purpose was to document the effects 
of indapamide, an antihypertensive diuretic drug, on 24- 
hour BP with the use of a noninvasive method. 


METHODS 

The study was designed as an open trial. Among the 
last 50 patients who underwent 24-hour BP monitoring, a 
group of 23 with mild to moderate essential hypertension 
(class 1 as defined by the World Health Organization) 
who required treatment were chosen. The mean daytime 
diastolic BP (8 am to 10 pm) computed from the basal 
recording was used for inclusion criteria. These patients 
were required to have no antihypertensive medication for 
at least 2 weeks before the beginning of the study. Once 
the first 24-hour BP recording and selection of patients 
were performed, indapamide was prescribed at a daily 
dosage of 2.5 mg in the morning, and a second recording 
was performed 4 or 5 weeks later. 

ICR 5300 Ambulatory Blood Pressure System from 
Spacelabs was used in this study. The recorder was set 
every 60 minutes during both awake (8 AM to 10 pm) and 





FIGURE 1. Blood pressure (BP) re- 
cording over 24 hours. Circles, be- 
fore treatment; squares, after inda- 
pamide treatment. DBP = diastolic 
blood pressure; SBP = systolic 
blood pressure. 


sleep (10 pm to 8 AM) periods. The results of systolic and 
diastolic BP measurements were expressed as the mean of 
each period + standard deviation. 

Heart rate and BP variability were evaluated from the 
standard deviation of the mean for each period of time 
studied in a single patient; when considering the results 
for the whole group the mean values were derived from 
the means of all individual values. Systolic work index 
was the product of mean daytime or nighttime systolic BP 
and the corresponding mean heart rate. 

Potential differences between waking and sleeping BP 
as well as in the early increase in BP frequently observed 
after 6 AM before and after indapamide treatment were 
analyzed. 

In all patients, a brief questionnaire of possible side 
effects was conducted at the end of the trial, and basic 
blood chemistry data (serum creatinine, sodium and po- 
tassium) were obtained in each patient. 


FIGURE 2. Heart rate (HR) recording 
over 24 hours. Circles, before treat- 
ment; squares, after indapamide treat- 
ment. 


TIME IN HOURS 


Statistical analysis was performed by paired and un- 
paired comparisons of means applying Student f test. 


RESULTS 

From the 23 original patients included in the study, 3 
refused to undergo the second recording of BP and their 
data were not used for the final report. Twenty patients 
completed the trial with two 24-hour BP monitorings; 
however, 8 had to be discarded for various reasons: 3 for 
disconnection of the monitor during the night and 5 for 
unreliable readings. Data from 12 patients were therefore 
kept for the analysis and only these data are shown here. 
The patients (5 men, 7 women), aged 46 + 10 years, had 
mild to moderate essential hypertension, with normal 
results on physical examination and normal renal func- 
tion as required by the protocol. 

During the day period, mean initial systolic/diastolic 
BP was 148 + 15/101 + 6 mm Hg and mean heart rate 
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TABLE I Mean Systolic and Diastolic Blood Pressures 
During Day and Night Periods Before and After Treatment 
with Indapamide 


24-Hour 


148+ 15 131415 


No treatment 
101+6 


131415 
Indapamide = —]5* 


88 + 7 96 +6 


115413 125413 
= -16* = -15* 
(-11%) (-12%) (-11%) 
9247 80+ 8 87 +6 
= —8* = -8* = —8* 
(-9%) (-9%) (-9%) 
* p <0.001. 


Values are mean + standard error of the mean. 
DBP = diastolic blood pressure; SBP = systolic blood pressure. 


TABLE Il Cardiac Work Index During Day and Night Periods 
Before and After Treatment with Indapamide 


24-Hour 


115217 92418 
NS p <0.05 
106417 88+ 14 
p <0.05, paired comparisons. 


Values are mean + standard error of the mean. 
NS = not significant. 


10615 
p <0.05 
9614 


No treatment 


Indapamide 


79 + 9 beats/min; during the night period, mean initial 
systolic/diastolic BP was 131 + 15/88 + 7 mm Hg and 


mean heart rate 71 + 10 beats/min. Twenty-four-hour 
BP and heart rate profiles before and after indapamide 
treatment are shown in Figures 1 and 2. After 1 month of 
treatment, we observed an average decrease of mean sys- 
tolic/diastolic BP of 15 + 7/8 + 4mm Hg during the day 
period and 16 + 11/8 + 7 mm Hg during the night 
period, both reaching high statistical significance (p 


TABLE Ill Blood Pressure Variability Before and After 
Treatment with Indapamide 


No treatment SBP 13+6 16+8 
DBP 944 943 


SBP 139 9's 3* 
DBP 8+2 NEZ 


Values are mean + standard error of the mean, paired comparisons. 
* p <0.05. 


Indapamide 


<0.0001, Table I). Heart rate did not show any statisti- 
cally significant change at any time. 

The results of cardiac work index for both periods, 
before and after indapamide treatment, are listed in Ta- 
ble II. If we consider the day period, systolic work index 
decreased from 115 + 17 to 106 + 17 mm Hg after 1 
month of therapy, but this was not statistically signifi- 
cant. Conversely, the decrease observed for the night 
period (from 92 + 18 to 80 + 14) was statistically signifi- 
cant (p <0.05). Systolic work index for the whole day 
period also demonstrated a significant change (from 106 
+ 15 to 96 + 14, p <0.05). 

Variability of BP derived from the standard deviation 
of the mean as stated did not show any significant change 
when the 24-hour period was considered; when the day 
and night periods were considered separately, only systol- 
ic BP variability at night was significantly reduced (p 
<0.05, Table III). 

An analysis of the 24-hour BP recording was per- 
formed to find the most accurate time for BP evaluation 
when measured by conventional casual methods. Subper- 
iods of time were studied and their diastolic differences 
compared. Table IV indicates that the best time to check 
BP in the untreated group is between 8 and 10 AM, and in 
the treated group any time after 8 AM. 

No significant changes were perceived in the increase 
in BP observed in the early morning hours before and 
after treatment. 

Biochemical parameters showed no changes of any 
clinical relevance: serum creatinine varied from 97.24 + 
17.68 to 106.08 + 26.52 umol/liter, serum sodium from 
141 + 2 to 142 + 3 mmol/liter, serum potassium from 4.3 
+ 0.2 to 4.2 + 0.2 mmol/liter, and serum uric acid from 
333.1 + 71.4 to 356.9 + 5.9 mmol/liter. Tolerance was 
good and no patient complained of adverse effects that 
could be attributed to the drug. 


DISCUSSION 

Indapamide, a sulfonamide derivative, owes its anti- 
hypertensive properties more to its vascular than to its 
renal effects.'!' Used as a single dose of 2.5 mg/day, it has 
been shown to be both effective and safe in patients with 
mild to moderate essential hypertension.'* It does not 
exert any deleterious effect on renal function; in our 
study, serum creatinine has remained unchanged. Fur- 
thermore, it does not affect either cardiac performance or 
contractility.'* As previously described, the sympathetic 
nervous system is not activated, and in this study, indapa- 
mide did not produce any reactive or reflex tachycardia 
and did not modify the decrease in heart rate observed 


TABLE IV Comparison of Different Subperiods of Time for Diastolic Blood Pressure Before and After Treatment with Indapamide 


5 Hours 6 to 8 Hours 


No treatment 


Indapamide 
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8 to 10 Hours 11 to 22 Hours 8 to 22 Hours 





during the sleeping hours.'? When the 24-hour BP mean 
is considered, a decrease in cardiac work index was ob- 
served and was related to the decrease in cardiac after- 
load. Even if this is a very indirect physiologic measure- 
ment, it nevertheless helps to perceive the improvement in 
afterload which is not overrun by an undesirable increase 
in heart rate. 

Indapamide’s ability to reduce hypertension has al- 
ready been widely recognized, and comparative trials 
with some of the new antihypertensive drugs point to 
similar efficacy and tolerance,'*'> giving a good combi- 
nation of both qualities.! None of the patients who had to 
be excluded from our study complained of adverse ef- 
fects; it was the technique used that for different reasons 
forced the decision to withdraw. In addition, indapa- 
mide has been shown to improve the patient’s quality of 
life.!>-!* 

BP decreased by about 11% for the systolic measure- 
ment and 9% for diastolic measurement. The decrease 
was the same for both day and night periods. We have 
previously observed in patients with essential hyperten- 
sion a difference between day and night readings of about 
13% for systolic and diastolic BP and heart rate, irrespec- 
tive of the basal BP values. In this study, the difference 
between day and night readings was maintained with 
indapamide treatment. Without indapamide, the day- 
night difference is 11% for systolic BP, 13% for diastolic 
BP and 10% for heart rate. These differences remain the 
same after 1 month of treatment with indapamide, being 
12% for systolic BP, 13% for diastolic BP and 14% for 
heart rate. Indapamide does not interfere with the central 
mechanisms for BP reduction during the night,'? thus 
maintaining the classic curve of circadian rhythm for the 
BP. 

Twenty-four-hour BP recording has many advantages 
over casual readings. These include the avoidance of the 
patient’s alert reaction and the possibility of obtaining a 
continuous view of the BP behavior throughout a time 
period long enough to observe nycthemeral changes as 
well as the response to treatment.’? Nevertheless, 24-hour 
BP monitoring presents a number of limitations. Some of 
the devices are heavy, troublesome and noisy. Moreover, 
when the periods between BP recordings are too short, the 
procedure may interfere with the patient’s daily activities. 
Correlation of the values obtained by 24-hour BP record- 
ing with the intraarterial recordings is not always satis- 
factory; however, these discrepancies become insignifi- 
cant when a large number of patients are investigated.7! 


CONCLUSION 

Twenty-four-hour continuous monitoring of BP is 
very useful in the assessment of the response to antihyper- 
tensive drugs. Control of BP proved to be easily and 


effectively documented using 24-hour recording; how- 
ever, patient cooperation is essential in obtaining satisfac- 
tory recordings. Indapamide has been shown to be most 
effective throughout the 24-hour period; it does not dis- 
turb circadian rhythm, and it decreased cardiac work 
index without affecting heart rate. BP variability does not 
change. No adverse effects were reported by any of the 
patients, and blood parameters were not affected. 
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Clinical Efficacy and Quality of Life with 

Indapamide Alone or in Combination with 

Beta Blockers or Angiotensin-Converting 
Enzyme Inhibitors 


Dimitrios |. Athanassiadis, MD, Constantinos G. Dimopoulos, MD, Alexandros K. Tsakiris, MD, 
Dionyssios F. Cokkinos, MD, Achileas A. Tourkantonis, MD, 
Pavlos K. Toutouzas, MD, Bernard Boutin, MD, and David Guez, MD 


A multicenter study was performed to assess the 
efficacy and the acceptability of indapamide in hy- 
pertensive patients previously untreated, or treated 
and unsatisfactorily controlled with either angioten- 
sin-converting enzyme (ACE) inhibitor or §-blocking 
therapy. 

Four centers participated in the study, which in- 
cluded patients whose supine diastolic blood pres- 
sure was between 95 and 115 mm Hg with no 
treatment (group I, n = 40), those taking captopril 
(group Il, n = 40) or those taking propranolol 
(group Ill, n = 40). After a 2-week single-blind pla- 
cebo run-in period, patients received indapamide ei- 
ther alone (group I) or in combination with the pre- 
vious therapy (groups Il and Ill) for 4 months. 
Blood pressure, heart rate, weight, and clinical and 
biochemical acceptability were measured before 
and after 2 and 4 months of treatment. At the 
same time points, quality of life was determined us- 
ing standardized questionnaires completed by the 
patient (20 items) and the physician (10 items) and 
a visual analog scale completed by the patient. 

In all groups, administration of indapamide in- 
duced a clinically and statistically significant reduc- 
tion in both systolic and diastolic blood pressures in 
the supine position after 2 months. Indapamide 
alone controlled blood pressure in 82% of the pa- 
tients previously untreated, and indapamide in 
combined therapy controlled blood pressure, re- 
spectively, in 67 and 85% of patients previously 
uncontrolled with ACE inhibitors or 6 blockers. 

In all groups, questionnaires on quality of life 
showed a progressive and significant improvement 
in general well-being. After 4 months of treatment, 
the percentage of improvement in the physician 
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questionnaire was 77.1% in group I, 60.6% in 
group Il and 71.4% in group Ill. Similar results 
were obtained with the patient questionnaire. 

Biochemical acceptability was characterized by 
the stability of all parameters, including sodium, 
potassium, glucose, creatinine, cholesterol and tri- 
glycerides and a slight increase in uric acid in all 
groups. 

These results confirm the satisfactory efficacy 
and acceptability of indapamide and its beneficial 
effects on quality of life when administered as a 
first-step therapy as well as in combination with 6 
blockers or ACE inhibitors. 

(Am J Cardiol 1990;65:62H-—66H) 


igh blood pressure is currently one of the ma- 
Hi health problems. Numerous trials have 
demonstrated the benefits of long-term treat- 
ment of mild to moderate essential hypertension in terms 
of a reduction in cardiovascular morbidity and mortality. ! 

Diuretics have long been considered a major antihy- 
pertensive treatment. Most of the large clinical trials were 
conducted with these agents as “first step” therapy.! 
However, many antihypertensive drugs have become 
available over the last 10 years and, according to the 
latest report of the Joint National Committee on Detec- 
tion, Evaluation and Treatment of High Blood Pressure, 
6 blockers, angiotensin-converting enzyme (ACE) inhibi- 
tors and calcium antagonists as well as diuretics can now 
be used as initial therapy.2 Nonetheless, diuretics remain, 
in many countries, the “corner stone” in the treatment of 
hypertension principally because of the low incidence of 
side effects associated with their use and the reasonable 
cost of therapy.? 

Indapamide has been available for more than 10 years 
and its efficacy and acceptability as an antihypertensive 
drug have been established in numerous studies.* More- 
over, although it is classified as a diuretic, indapamide 
has several distinct pharmacologic properties: at the ther- 
apeutic dose commonly used (2.5 mg once daily), indapa- 
mide has a limited diuretic effect, which suggests that its 
antihypertensive activity might be related more to its 
vascular properties than to its renal effects*; and indapa- 





mide is not associated with one of the major side effects of 
diuretics, namely, alterations in lipid metabolism.*~’ 

We report the results of a multicenter study conduct- 
ed in Greece with patients receiving indapamide either 
alone or in combination with 8 blockers or ACE inhibi- 
tors for a period of 4 months. 


METHODS 

Patients: Male or female patients eligible for the 
study were aged between 18 and 65 years and had mild to 
moderate essential hypertension, which was either not 
treated previously or not controlled with a drug regimen 
consisting of either an ACE inhibitor (captopril) or a 6 
blocker (propranolol). 

These patients were given placebo, alone or in combi- 
nation with their previous treatment (ACE inhibitor or 6 
blocker) for 2 weeks. At the end of this period, indapa- 
mide, 2.5 mg/day, was given to patients who fulfilled the 
inclusion criterion of stable hypertension (defined by a 
mean supine diastolic blood pressure between 95 and 115 
mm Hg), appeared to be compliant, and did not meet the 
following exclusion criteria: secondary hypertension, se- 
vere hypertension defined by a supine diastolic blood 
pressure >115 mm Hg, complicated hypertension (i.e., 
symptomatic coronary artery disease, heart failure, renal 
insufficiency, stage III or IV optic fundus), presence of a 
metabolic or hepatic disorder or any other severe chronic 
disease, concomitant medication including corticoste- 
roids, nonsteroidal anti-inflammatory drugs, neurolep- 
tics, antidepressants or lithium, and weight >30% of the 
midpoint of recommended weight. Therapy with ACE 
inhibitors or 6 blockers, when given previously, was con- 
tinued at the same dosage. After 2 months of treatment, 
patients with satisfactory blood pressure control (mean 
supine diastolic blood pressure <90 mm Hg) and without 
serious side effects continued the same drug regimen for a 
further 2 months. 

Four centers participated in the study, and each en- 
rolled 30 patients. Ten patients received indapamide 
alone (group I), 10 received indapamide and ACE inhibi- 
tors (group II) and 10 received indapamide and 6 
blockers (group III). 

Patient evaluation: Patients were examined by the 
same investigator in each center throughout the course of 
the study. Visits were scheduled on the day of enrollment, 
at the end of the placebo period, and then 2 and 4 months 
after the start of indapamide treatment. 

At each visit, a full physical examination was per- 
formed, body weight, blood pressure and heart rate were 
measured, and the presence of adverse effects, acceptabil- 
ity and quality of life were evaluated. 

Blood pressure was measured by means of a mercury 
sphygmomanometer. Supine blood pressure was mea- 
sured after 10 minutes at rest and the mean of 3 measure- 
ments at 1-minute intervals was calculated. Erect blood 
pressure was measured after 2 minutes of standing. Dia- 
stolic blood pressure was defined as the point of disap- 
pearance of the Korotkoff sounds (phase V). Heart rate 
was measured by cardiac auscultation over a period of 1 
minute under the same conditions. 


TABLE I Characteristics of Patients 


Indapamide 
+ ACE 
Inhibitors 


Indapamide 
+ Beta 


Indapamide Blockers 


No. of pts. 40 40 40 

Sex ratio (M/F) Ld 0.73 0.53 
Age (years) (range) 51.341.4 50.84 1.2 53.441.3 
(31-65) (32-64) (38-65) 
100.3 + 0.6 100.9 + 0.6 100.7 + 0.7 
(95-115) (95-115) (95-112) 


Supine DBP (mm Hg) 


Values are expressed as mean + standard error of the mean. 
ACE = angiotensin-converting enzyme; DBP = diastolic blood pressure. 


Treatment acceptability was assessed from com- 
plaints either reported spontaneously or elicited after di- 
rect questioning. 

Quality of life was evaluated using 3 different testsë: a 
questionnaire filled in by the physician, a questionnaire 
completed by the patient and a visual analog scale. The 
physician’s questionnaire consisted of multiple items un- 
der the following 10 headings: appearance, language, 
muscular and sensory fatigue, visceral functional disor- 
ders, sleep, intellectual fatigue, emotion and mood, anxie- 
ty, concentration and character. The patient’s question- 
naire consisted of 20 assertions based on the same head- 
ings. A score ranging from 0 (absence of symptoms) to 5 
(according to the severity of the symptoms) was applied 
to each item. The visual analog scale provided another 
tool for evaluation of quality of life. At each visit, patients 
were asked to place a cross on the scale ranging from 
“good” to “bad” corresponding to the way they felt. 

Other investigations were performed at the time of 
entry and after 2 and 4 months of indapamide treatment: 
12-lead electrocardiography and routine laboratory tests, 
including blood cell counts, plasma electrolytes, proteins, 
creatinine, calcium, phosphate, urate, glycemia, total 
cholesterol and triglycerides. 

Statistical analysis: Results from each group were 
analyzed separately and expressed as mean + standard 
error of the mean. 

A 2-way analysis of variance (time-patients) was used 
to evaluate changes in blood pressure and heart rate, 
evolution of quality of life, and modifications of biochem- 
ical parameters throughout the placebo and the treat- 
ment periods. When statistical significance was attained 
(p <0.05), analysis was completed by a Newman-Keuls 
test for multiple comparisons of time points. 

Evolution of mean score obtained for each item of the 
quality of life questionnaire was evaluated by a Friedman 
test and, in the case of a significant time effect, by a 
Newman-Keuls test. 


RESULTS 

One hundred twenty patients entered the study. At 
each center 10 patients were entered into each of the 3 
groups. 

Mean age of the patients were respectively, 51.3 + 1.4 
years (range 31 to 65) in group I, 50.8 + 1.2 years (range 
32 to 64) in group II and 53.4 + 1.3 years (range 38 to 65) 
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A SYMPOSIUM: INDAPAMIDE AND ANTIHYPERTENSIVE STRATEGY 


SBP mmHg 


MO M2 M4 
indapamide indapamide 


+ 
ACE inhibitors 


indapamide 


+ 
beta blockers 


MO M2 M4 
indapamide 


+ 
ACE inhibitors 


indapamide indapamide 


A 
beta blockers 


FIGURE 1. Effects of indapamide on supine and standing sys- 
tolic (SBP) and diastolic (DBP) blood pressure after 2 and 4 
months of indapamide treatment. ACE = angiotensin-convert- 
ing enzyme inhibitors; ***p <0.001. 


in group III. The male-female ratios were, respectively, 
1.1 in group I, 0.73 in group II and 0.53 in group III. 
General characteristics of the study population are sum- 
marized in Table I. 

Analysis of the data revealed a slight but statistically 
significant decrease in blood pressure throughout the run- 
in placebo period, except in patients receiving ACE inhib- 
itor therapy. At the time of inclusion, mean supine dia- 
stolic blood pressure was, respectively, 100.3 + 0.6 mm 
Hg (range 95 to 115) in group I, 100.9 + 0.6 mm Hg 
(range 95 to 115) in group II and 100.7 + 0.7 mm Hg 
(range 95 to 112) in group III. A highly statistically 
significant decrease in supine and standing heart rate (3.5 
and 3.4 beats/min) was observed during the run-in period 
in patients receiving 6 blockers (p <0.01). 

With regard to quality of life, the condition of the 
patients remained quite stable during that period; never- 
theless, the mean score from the visual analog scale indi- 
cates a certain degree of improvement in patients receiv- 
ing ACE inhibitor therapy (p <0.05). 

Ninety-eight patients completed the study. Thirteen 
patients were withdrawn at the second month because of 
the lack of blood pressure control : 3 of them belonged to 
group I, 4 to group II and 6 to group III. The remaining 9 
patients either withdrew because of noncompliance or 
were lost to follow-up. 

In all groups, indapamide induced a highly statistical- 
ly significant reduction in systolic and diastolic blood 


G4H THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


TABLE Il Supine and Standing Systolic (SBP) and Diastolic 
(DBP) Blood Pressure and Heart Rate (HR) at Baseline and 
After 4 Months of Indapamide Treatment 


Supine SBP (mm Hg) 
Supine DBP (mm Hg) 
Supine HR (beats /min) 
Standing SBP (mm Hg) 
Standing DBP (mm Hg) 


Standing HR (beats /min) 


Indapamide 


155.5 + 2.7 
134.94 2.11 
100.3 + 0.7 
85.5+0.91 
75.9+1.4 
74.641.3 
151.4424 
131.1+2.0! 
101.340.8 
87.941.11 
82.44 1.5 
79.9 41.4 


Indapamide 
+ ACE 
Inhibitors 


160.6 + 2.6 
138.3 + 2.6t 
100.9 + 0.7 
87.2+1.2! 
72.9411 
72.8+1.3 
157.8+ 3.2 
134.5 + 2.7t 
103.7 + 1.0 
88.7 + 1.37 
71794 1.2 
78.1+1.3 


Indapamide 
+ Beta 
Blockers 


157.84 2.5 
134.9 + 2.01 
100.2 + 0.6 
87.3+1.11 
69.141.5 
66.6 + 1.2 
156.1+2.4 
129.24 1.71 
101.7+0.7 
87.6 4 1.1f 
73.6+1.6 
70.141.1* 


* p <0.05; t p <0.001. 
Values are expressed as mean + standard error of the mean. 


TABLE Ill Assessment of Quality of Life by the Mean of 
Physician's and Patient's Questionnaires 


Indapamide 
+ ACE 
Inhibitors 


Indapamide 
+ Beta 
Indapamide Blockers 
10.3+1.3 
5.3 + 0.8* 
16.5 £1.9 
10.3 + 1.7* 


12.0+ 1.6 
8.6 + 1.2% 

22.5 + 3.0 

l/ 2220" 


10.3+1.4 
1.3.41.0" 

22.1% 3:1 

15.2 + 2.4* 


Physician's questionnaire 
(global score) 

Patient's questionnaire 
(global score) 


* p <0.001. 
Values are expressed as mean + standard error of the mean. 
ACE = angiotensin-converting enzyme. 


pressures, in the supine and standing positions (p <0.001) 
(Fig. 1). This decrease was recorded after 2 months of 
treatment and persisted until the end of the trial. After 4 
months, mean reduction in supine systolic blood pressure 
was 20.6 mm Hg (group I), 22.3 mm Hg (group II) and 
22.9 mm Hg (group III); in diastolic pressure it was 14.8 
mm Hg (group I), 13.7 mm Hg (group II) and 12.9 mm 
Hg (group III). Mean reduction in standing systolic 
blood pressure was 20.3 mm Hg (group I), 23.3 mm Hg 
(group II) and 26.9 mm Hg (group III); in diastolic 
pressure it was 13.4 mm Hg (group 1), 15.0 mm Hg 
(group II) and 14.1 mm Hg (group III). There was no 
significant change in either standing or supine heart 
rates, except in patients receiving 8 blockers who had a 
decrease in standing heart rate of 3.5 beats/min from the 
first to fourth month (p <0.05) (Table II). 

Blood pressure control (supine diastolic blood pres- 
sure <90 mm Hg, supine systolic blood pressure <160 
mm Hg) was obtained at the second month in 71% of the 
patients in group I, 51% in group II and 64% in group III, 
and at the fourth month in 82% of the patients in group I, 
67% in group II and 85% in group III. 

A noticeable improvement in quality of life was ob- 
served in each of the different tests. The patient’s ques- 
tionnaire showed improvement at month 4 in 73% of the 
patients in group I, 72% in group II and 80% in group III. 





These results were similar to those obtained with the 
physician’s questionnaire (77, 72 and 61% of the patients 
showed an improvement). The results are confirmed by a 
highly statistically significant decrease in mean gravity 
score between the first and fourth month (p <0.001) 
when the results of both questionnaires are considered 
(mean reduction 42.9% in group I, 26.1% in group II and 
30.3% in group III) (Table III), and by a highly statisti- 
cally significant increase in mean well-being score based 
on visual analog scale (mean increase: 95% in group I, 
48.5% in group II and 50% in group IIT) (Fig. 2). Analysis 
of the patient’s questionnaire revealed a decrease in the 
mean score for each item between the first and fourth 
month and statistically significant change in 5 of these 
parameters mainly in patients in group I: ringing in the 
ears (p <0.01), tiredness on effort (p <0.05), loss of 
appetite (p <0.05), anxiety (p <0.01) and lack of dyna- 
mism (p <0.01). If we consider the physicians question- 
naire, positive changes were obtained in all groups for 4 
items concerning language, sleep disorders, intellectual 
performance and anxiety. 

A moderate reduction in body weight was observed 
during the study in all groups: Mean reduction between 
the first and fourth month was 1.2 kg in group I (p <0.05) 
and group II (p <0.05), and 0.8 kg (p <0.05) in group III. 

Biochemical parameters were measured at baseline 
and after 2 and 4 months of treatment (Table IV). There 
was a Statistically significant change in uric acid, with a 
tendency to increase throughout the treatment period. 
The increase was observed at day 60 in groups I and III 
and at day 120 only in group II. Mean increase at day 120 
was 12.0% in group I (p <0.01), 20.3% in group II (p 
<0.001) and 7.4% in group III (p <0.01). A slight de- 
crease in mean plama potassium was observed in each 
group which reached statistical significance in group III 
but remained within the limits of the normal range in 
every case. No change in lipid profile was observed in any 
patient. 


DISCUSSION 

The antihypertensive response observed when indapa- 
mide was prescribed alone is in agreement with the results 
of other multicenter studies.?-!2 In these trials, blood 
pressure control was observed in 70 to 80% of the pa- 
tients, the maximal antihypertensive effect was obtained 
by 8 weeks and maintained over the following months, 
and a 10 to 20% reduction in both systolic and diastolic 
blood pressures was usually recorded. 

By contrast, fewer studies have been conducted to 
investigate the efficacy of indapamide as a second-step 
therapy in patients who are resistant to 6 blockers or 
ACE inhibitors but they all demonstrate supplementary 
antihypertensive activity whether indapamide was given 
in combination with atenolol,'? pindolol,'*!> metopro- 
pol!® or captopril.!’!* Our data confirm this benefit over 
a longer period and in a larger sample of patients previ- 
ously treated with either propranolol or captopril. 

With regard to the acceptability of indapamide, no 
major adverse effects related to treatment were reported 


mean score 


MO M2 M4 
indapamide 


indapamide 


+ 
ACE inhibitors 


indapamide 
4- 
beta blockers 


FIGURE 2. Assessment of quality of life by the mean of visual 
analog scale after 2 and 4 months of indapamide treatment. 
***p <0.001; other abbreviations as in Figure 1. 


during the study. In addition, quality of life improved in 
most patients. This advantage, which is crucial in the 
management of patients with mild to moderate essential 
hypertension, has been demonstrated when indapamide is 
given as monotherapy®!8-!? but is now also demonstrated 
when indapamide is given as second-step therapy. 

One of the major properties of indapamide demon- 
strated in short- and long-term studies4-7-2 relates to the 
lack of effect on lipid metabolism. In this study, no 
changes in lipid metabolism were reported in any group. 
Because changes in serum lipoproteins usually induced by 
diuretics have been implicated in the lack of prevention of 
coronary events in treated hypertensive patients, atten- 
tion is focused on this property of indapamide. The only 
biochemical abnormality was a slight increase in plasma 
uric acid which was not constant and was asymptomatic 
because concentrations of serum acid uric did not exceed 
the upper limit of normal. !? The lack of decrease in serum 
potassium, with the exception of group III, was probably 
a consequence of low dosage and dietary habits.!° 

In summary, this study confirms previous results 
which suggest that the efficacy, low incidence of adverse 
effects, and simple once-daily dosage of indapamide 
make it a very useful antihypertensive drug either as a 
first or a second choice of therapy in patients whose 


TABLE IV Biochemical Parameters at Baseline and After 
Four Months of Indapamide Treatment 


Potassium 
(mEq /liter) 


Uric acid (mg %) 
Creatinine (mg %) 
Cholesterol (mg %) 


Triglycerides (mg %) 


Indapamide 


4.46 + 0.07 
4.44 + 0.07 
9.33 + 0.33 


5.98 + 0.25! 


1.04 + 0.02 
1.03 + 0.02 
233.5 + 8.00 
244.3 + 8.00 
132.9 + 11.0 
124.6 + 8.00 


* p <0.05; t p <0.01; t p <0.001. 
Values are expressed as mean + standard error of the mean. 
ACE = angiotensin-converting enzyme. 


Indapamide 
+ ACE 
Inhibitors 


4.33 + 0.08 
4.19 + 0.08 
9.36 + 0.25 
6.45 + 0.25 
1.01 + 0.03 
1.06 + 0.04 
237.6+ 6.70 
242.6+ 7.10 
142.6 + 8.50 
149.1 + 8.00 


Indapamide 
+ Beta 
Blockers 


4.39 + 0.07 
4.18+0.07* 
5.29 + 0.27 
5.68 + 0.301 
1.01 + 0.03 
1.28 + 0.26 
244.3 + 7.10 
242.7 + 8.50 
141.9 + 6.50 
152.6 + 10.50 
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hypertension is not controlled with 6 blockers or ACE 
inhibitor therapy. 
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Long-Term Effects of Indapamide: Final Results 
of a Two-Year Italian Multicenter Study in 
Systemic Hypertension 


Gastone Leonetti, MD, Alessandro Rappelli, MD, Antonio Salvetti, MD, 
and Luigi Scapellato, MD 


To evaluate the antihypertensive efficacy and toler- 


ability of a low-dose diuretic, indapamide, 2.5 mg 
once daily, was given to 248 patients with uncom- 
plicated, mild to moderate hypertension for a peri- 
od of 24 months. Blood pressure during sitting was 
165 + 1/105 + 1 mm Hg (mean + standard error 
of the mean) at the end of the placebo run-in period 
and 143 + 1/88 + 1 and 140 + 1/85 + 1 mm Hg 
after 2 and 24 months, respectively; heart rate was 
clinically unmodified (from 77 + 1 to 75 + 1 beats/ 
min). Total cholesterol, high-density cholesterol and 
serum triglycerides were unchanged, and uric acid 
increased significantly (from 292.0 + 6.5 to 377.7 
+ 56.5 umol/liter). A mild reduction in serum po- 
tassium (—0.36 + 0.03 mmol/liter) was observed 
after 2 and 6 months of therapy; however, the de- 
gree of reduction appeared to be lower than that 
from reported studies with other thiazide diuretics. 
The incidence of hypokalemia (serum potassium 
<3.5 mmol/liter) was highest in northern Italy 
(17%), intermediate in the central region (14%) 
and lowest in southern Italy (2%), although the ab- 
solute reduction in serum potassium was similar in 
all the geographic areas. Blood glucose tolerance 
was unchanged despite the changes in serum po- 
tassium. The tolerability was good on the whole, 
with a tendency toward an improvement in the 
well-being of patients, most of whom were already 
asymptomatic before starting the study. 

(Am J Cardiol 1990;65:67H-71H) 
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liminary results on tolerability and well-being of pa- 

tients with mild to moderate hypertension during 1 
year of treatment with indapamide. Since then, we have 
completed the study, which was scheduled for a 2-year 
period, and this report presents the final results. The 
longer duration of the study allows for a better evaluation 
of the time course of the antihypertensive efficacy of this 
agent and its impact on serum electrolytes, lipoproteins, 
and blood sugar tolerance as well as subjective tolerabil- 
ity. It is generally accepted that untreated arterial hyper- 
tension is one of the major cardiovascular risk factors,» 
and if blood pressure reduction is achieved there is a 
significant decrease in many, but not all, cardiovascular 
events, as shown in epidemiologic trials of the Veterans 
Administration Study,* Australian Study,° Medical Re- 
search Study° and the European Study in Elderly Hyper- 
tensives.’ The minor reductions in coronary heart events 
in contrast to those in cerebrovascular and renal events or 
congestive heart failure have been hypothesized to be due 
to changes in lipoproteins (an increase in total cholesterol, 
low-density lipoproteins and triglycerides, and a decrease 
in high-density lipoproteins [HDL]), serum electrolytes 
(a decrease in serum potassium and probably serum mag- 
nesium), and finally a reduced blood glucose tolerance. 
These metabolic changes are mainly, or almost exclusive- 
ly, associated with the use of thiazide diuretics.*.? This 
Italian multicenter study was performed with indapa- 
mide, a diuretic agent which alone or in combination has 
been shown to be equivalent to other antihypertensive 
agents.'°!! Indapamide was selected because of its phar- 
macokinetic characteristics (only 5% of the drug is ex- 
creted in the urine),'? higher concentration at the vascu- 
lar wall,'* and pharmacodynamic properties (increased 
production of renal prostaglandin)'? that reduce blood 
pressure with minimal diuretic activity. 


I: a previous publication,! we have reported the pre- 


METHODS 

This Italian multicenter study (31 centers) followed 
up patients over a 2-year period. Three hundred forty-two 
patients of both genders, age range 19 to 77 years (mean 
+ standard error of the mean 50.32 + 0.52), and a sitting 
diastolic blood pressure between 95 and 115 mm Hg after 
a 1-month placebo run-in period, and with no contraindi- 
cations to the use of diuretics or 8 blockers, were admitted 
to the study and received a single daily administration of 
indapamide, 2.5 mg. If, after 1 month of indapamide 
treatment, the sitting diastolic blood pressure was re- 
duced 25 mm Hg, patients continued to receive indapa- 
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TABLE! Questionnaire Evaluating the Incidence and 
Severity of Adverse Effects and Well-Being 


Self Evaluation 
Mood 
Physical activity 
Physical health 
Alertness 

Checklist of 19 Items 


By visual scale 


Possible answers 
Sadness 
Headache 
Sweating 
Cough 
Nasal obstruction 
Shortness of breath 
Cold extremities 
Dizziness 
Intestinal dysfunction 
Sleep dysfunction 
Skin rashes 
Unsteadiness 
Tiredness 
Faintness 
Nocturia 
Sexual activity 
Physical activity 
Feeling unwell 
Nausea 


Often /rarely /never 


mide therapy for a further period of 1 month (respond- 
ers), whereas the other patients were withdrawn from the 
study (nonresponders). If the diastolic blood pressure in 
the responders was still >95 mm Hg after 2 months of 
indapamide therapy, 100 mg of atenolol was added, 
whereas the patients with a diastolic blood pressure <95 
mm Hg continued to receive only indapamide. The blood 
pressure was measured with a mercury sphygmomanom- 
eter after 5 minutes of rest in the seated position: systolic 
blood pressure was measured at the start and diastolic 
blood pressure was measured at the end (phase V) of 
Korotkoff sounds. The blood pressure registered was the 
average of 3 measurements taken at 2- to 3-minute inter- 


basal 2nd 6th 12th 18th 24th month 


FIGURE 1. Sitting blood pressure (BP) during indapamide, 2.5 
mg once daily, monotherapy for 24 months in patients with 
mild to moderate hypertension. Values are expressed as mean 
+ standard error of the mean. Open bar, pretreatment; 
slashed bar, during active treatment. All reductions are statis- 
tically significant (**p <0.01). 
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15% 


24th month 
11% 


basal 
K* < 3.5 mEg/l 


FIGURE 2. Serum potassium during indapamide, 2.5 mg once 
daily, monotherapy for 24 months in hypertensive patients. 
Values are expressed as means + standard error of the mean. 
Open bar, pretreatment; slashed bar, during active treatment; 
dotted line, lower value of normal range; bars below the ab- 
scissa, mean + standard error of the mean reductions vs pre- 
treatment; **p <0.01 active vs pretreatment. 


vals. The incidence of adverse effects and the evaluation 
of well-being were investigated by means of a checklist 
and a self-administered questionnaire (Table I). The pa- 
tients were seen monthly during the first 6 months of the 
study and at 3-month intervals thereafter in the outpa- 
tient department. 

Blood pressure, heart rate, body weight, physical well- 
being, and the items on the checklist and the self-adminis- 
tered questionnaire were checked during each visit. Labo- 
ratory tests (hematocrit, red and white blood cell counts, 
serum sodium, potassium, creatinine, uric acid, total cho- 
lesterol, high-density cholesterol, triglycerides, fasting 
and postprandial glucose, transaminases, alkaline phos- 
phatase) and urinalysis were performed before and 2, 6, 
12, 18 and 24 months after indapamide treatment. 

Of the 397 patients admitted to the run-in period, 342 
satisfied the admission criteria and 248 of them (72%) 
had a diastolic blood pressure <95 mm Hg and a reduc- 
tion >5 mm Hg after 2 months of monotherapy with 
indapamide. The results obtained in this group treated 
with indapamide alone for a 2-year period are reported. 

Statistical analysis: A 2-way analysis of variance 
(time, patients) was used. For modal variables, the Fried- 
man or a Cochran tests were used. The statistical calcula- 
tion was done on a VAX 785 (Digital Equipment Corpo- 
ration). 


RESULTS 

Population: Of the 342 patients admitted to the study 
at the end of the run-in period who received indapamide, 
2.5 mg once daily, as monotherapy for 2 months, 248 
(72%) were responders (i.e., sitting diastolic blood pres- 
sure <95 mm Hg with a reduction of 25 mm Hg after 
treatment) and continued with the monotherapy regimen 
for the duration of the study. Forty-three patients (13%) 
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basal 24th basal 24th month 
14% 2% 


basal 24th 
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K* < 3.5 mEq/l 
*%* p < 0.01 active vs. basal 


FIGURE 3. Serum potassium before and after 24 months of 
indapamide, 2.5 mg once daily, monotherapy in the 3 sub- 
groups (Northern, Central and Southern Italy). Values are ex- 
pressed as mean + standard error of the mean. Open bars, 
pretreatment; slashed bars, after 24 months; dotted line, 
lower value of normal range; bars below the abscissa, abso- 
lute reduction vs pretreatment. 


had a reduction in diastolic blood pressure >5 mm Hg 
but the diastolic values were still >95 mm Hg, and there- 
fore these patients received atenolol 100 mg in association 
with indapamide during the follow-up. Forty-five pa- 
tients (13%) were nonresponders and were discharged 
from the study, and 6 patients withdrew (5 were lost to 
follow-up and 1 patient died of a cause unrelated to hy- 
pertension and its treatment). 

Of the 248 patients who received indapamide, 2.5 mg 
monotherapy, 186 (75% of the responders after 2 months 
or 54% of the whole population admitted to the study) 
completed the 24 months of treatment. Of the 62 with- 
drawals, 54 were lost to follow-up, 3 had hypokalemia 
necessitating withdrawal, and another 5 discontinued for 
reasons unrelated to the study. 

Blood pressure and heart rate: Pretreatment sitting 
blood pressure of the 248 patients who were treated with 
indapamide, 2.5 mg monotherapy, for the duration of the 
study was 165 + 1/105 + 1 mm Hg (mean + standard 
error of the mean). This showed no difference from the 
blood pressure of the whole population who satisfied the 


admission criteria at the end of the run-in period: 163 + 
1/104 + 1 mm Hg. Blood pressure was 143 + 1/88 + 1 
mm Hg and 140 + 1/85 + 1 mm Hg after 2 and 24 
months of treatment, respectively (p <0.01) (Fig. 1). 

Heart rate was 77 + 1 beats/min before indapamide 
therapy and remained unchanged, with a final value of 75 
+ | beats/min. 

Serum electrolytes: Pretreatment plasma potassium 
was 4.21 + 0.03 mmol/liter and was significantly (p 
<0.01) reduced after 2 months of indapamide therapy to 
3.99 + 0.03 mmol/liter (mean —0.22 + 0.03 mmol/ 
liter); only a minor further reduction was found thereaf- 
ter (3.87 + 0.03 mmol/liter) after 24 months: —0.12 + 
0.03 mmol/liter when compared with the second month 
of treatment (Fig. 2). A serum potassium level <3.5 
mmol/liter was found in 15% of the patients after 12 
months and in 11% after 24 months of therapy. Accord- 
ing to the doctor’s judgment, oral potassium could be 
added during treatment with indapamide. 

When the results were analyzed in terms of the geo- 
graphic area of the patients, we found that pretreatment 
serum potassium levels were higher in the southern part 
of Italy (4.30 + 0.05 mmol/liter), intermediate in the 
central region (4.21 + 0.03 mmol/liter) and lower in the 
northern part (4.10 + 0.05 mmol/liter). After similar 
reductions in serum potassium in all 3 subgroups during 
indapamide treatment (between —0.32 and —0.38 
mmol/liter), the final potassium levels were lower, and on 
the contrary, the incidence of serum potassium <3.5 
mmol/liter was now higher in the northern population 
than in the southern and central populations (Fig. 3). 

The level of plasma sodium was unmodified for the 
duration of the study (Table II). 

Serum lipoprotein (Table Il): Average total cholester- 
ol and HDL cholesterol were unchanged during indapa- 
mide therapy. Changes >0.77 mmol/liter for total cho- 
lesterol were found in 22 patients (11 patients had an 
increase and 11 a decrease). An increase or decrease 
>0.26 mmol/liter for HDL cholesterol was observed in a 
few patients (4 and 5, respectively). Average serum tri- 
glycerides were unchanged and again only a few patients 
had changes in either direction >0.22 mmol/liter. 

Blood glucose: Average fasting and postprandial 
blood sugar were unmodified during long-term treatment 


TABLE Il Plasma Concentrations of Creatinine (umol/liter), Uric Acid (umol /liter), Sodium (mmol/liter), Total and High-Density 
Lipoprotein Cholesterol Levels (mmol/liter), and Triglycerides (mmol/liter) Before and During 24 Months of Indapamide 


Monotherapy 


80.44 + 0.88 
292.05 + 6.54 
139 4 

5.51 + 0.08 


82.21 + 0.88 
377.69 + 56.51 
139+ 1 

5.61 + 0.10 


Creatinine 

Uric Acid 

Sodium 

Total choles- 
terol 

HDL choles- 
terol 

Triglycerides 


1.24 + 0.02 
4841 
1.51 + 0.05 

13445 


1.21 + 0.02 
47 +1 
1.52 + 0.05 

1395 


82.21 + 0.88 
322.97 + 5.91 
13841 

5.61 + 0.08 


1.27 + 0.02 
49+1 
1.54 + 0.04 

137+4 


Months 


12 


82.21 + 1.76 
318.81 + 6.54 
138 + 1 

5.58 + 0.08 


83.09 + 1.76 
323.57 + 6.54 
138+ 1 

5.51 + 0.08 


82.81 + 0.88 
317.62 + 5.35 
138+ 1 

5.53 + 0.08 


1.27 + 0.02 
49+1 
1.59 + 0.05 

14145 


1.27 + 0.02 
4941 
1.51 + 0.04 

13444 


1.24 + 0.02 
48+1 
1.59 + 0.04 

14144 


Values are mean + standard error of the mean. 
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Blood sugar 
mg/dl 
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FIGURE 4. Fasting and postprandial blood glucose before and 
during 24 months of indapamide, 2.5 mg once daily, mono- 
therapy. Dashed line, fasting; solid line, postprandial glucose. 
Values are expressed as mean + standard error of the mean. 


with indapamide (Fig. 4): only 2 patients had an increase 
and 2 a decrease in blood glucose >1.11 mmol/liter. 
Serum uric acid (Table Il): Serum uric acid signifi- 
cantly increased during long-term indapamide therapy 
with a peak after 2 months of therapy (from 292.0 + 65 to 
377.7 + 56.5) and lower values thereafter. 
Tolerability and well-being: The tolerability of inda- 
pamide treatment was evaluated by means of a checklist 
including 19 items and a self-assessment questionnaire to 
evaluate mood, physical feeling, activity and alertness 
(Table I). In all, there was an improvement, or no change, 
in the symptoms evaluated from the checklist during ac- 
tive treatment. The number of patients who complained 
of adverse effects was lower during indapamide therapy 
than during the run-in period (Fig. 5). The physical well- 
being, assessed from 19 items of the checklist, was un- 
changed in 79%, improved in 15% and worsened in 6%; 
the sense of well-being was unmodified in 64%, improved 
in 25% and worsened in 11%. Sexual function was un- 
changed in 88% and improved in almost all the remaining 
patients. The improvement was maximal during the first 
year of treatment; however, patients who were withdrawn 
from the study or lost to follow-up were not included in 
the analysis and this may falsely improve the results. 


DISCUSSION 

In this Italian multicenter study, we have investigated 
the antihypertensive efficacy, the impact on serum elec- 
trolytes, lipoproteins and blood glucose tolerance, and 
finally the influence on well-being of indapamide, 2.5 mg 
once daily, as monotherapy. To achieve this aim, we have 
admitted to the study only patients with mild and moder- 
ate arterial hypertension (who represent most of the hy- 
pertensive patients), and for ethical reasons only patients 
classified as responders (i.e., patients attaining a sitting 
diastolic blood pressure <95 mm Hg and a reduction >5 
mm Hg after 2 months of therapy) were followed-up for 
24 months. 

The antihypertensive efficacy of indapamide, 2.5 mg 
once daily, in our population of mild and moderate hyper- 
tensive patients was satisfactory. After 2 months of treat- 
ment, 72% of the patients admitted to the study were 
classified as responders, according to the criteria of our 
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S 12th month 
E 24th month 


Number of patients 


NO 
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Head- Vertigo Nausea Fatigue Unstea- Abdominal 
ache diness discomfort 


FIGURE 5. Number of symptomatic patients for some of the 
most frequently reported adverse effects before (open bars) 
and after 12 (slashed bars) and 24 months (filled bars) of in- 
dapamide, 2.5 mg once daily, monotherapy. 


study, and this result is in agreement with that reported in 
2 other multicenter studies.!4!5 The percentage of re- 
sponders still remains >60% if we select diastolic blood 
pressure <90 mm Hg as a more strict criterion for the 
definition of “responders.” The percentage of responders 
was lower at the end of the 24 months of therapy (54% of 
the whole population admitted to the study), but the 
difference between the values after 2 and 24 months is 
predominantly due to the fact that 54 patients were lost to 
follow-up. Although we do not know the specific reasons 
that induced these patients to abandon the study, it seems 
unlikely that a treatment failure was the main cause, 
because blood pressure was consistently reduced for the 
duration of the study in the patients defined as responders 
after 2 months of therapy and regularly followed up 
thereafter (Fig. 1). The blood pressure reductions ob- 
served after 2 and 24 months were —20/—17 and —23/ 
—20 mm Hg, respectively. 

As expected, because of the pharmacodynamic action 
of diuretics, indapamide caused a reduction in the serum 
potassium level, which was 0.34 + 0.03 mmol/liter in our 
patients, almost maximal after 2 months of treatment 
and only slightly greater thereafter. The reduction in 
serum potassium during long-term treatment with inda- 
pamide was lower than that reported with the other diu- 
retics, apart from potassium-sparing agents. However, 
diuretics were previously prescribed at doses higher than 
currently recommended. In our study, the final percent- 
age of patients with serum potassium levels <3.5 mmol/ 
liter was 11%. Three patients were withdrawn because of 
a reduction in serum potassium levels considered danger- 
ous by their physicians. In another patient the serum 
potassium level was <3.0 mmol/liter. The significance of 
the reduction in plasma potassium differed in the 3 differ- 
ent geographic areas of the country: The pretreatment 
average plasma potassium level was lowest in the north- 
ern part of Italy, intermediate in the central part, and 
highest in the southern part of the country. Because of the 
different pretreatment levels, the same average reduction 
in plasma potassium level resulted in a greater percentage 
of patients with a plasma potassium level <3.5 mmol/ 
liter in the northern part of Italy compared with the other 
regions. Also, the reduction in plasma potassium levels 
caused by indapamide was already evident and maximal 





during the first 2 months of treatment, whereas no fur- 
ther significant reductions were found thereafter. The 
different levels of pretreatment plasma potassium are 
probably attributable to different dietary habits. Plasma 
sodium levels did not change significantly. 

In the present study, in accordance with other re- 
ports,'®-'’ no significant changes occurred in total choles- 
terol, HDL cholesterol and serum triglycerides. Mild 
changes in both directions were present in only a few 
patients. Conversely, there was an increase in the level of 
uric acid, which reached a maximum after 2 months of 
treatment and was slightly lower thereafter. 

Fasting and postprandial blood glucose levels were 
unchanged during treatment with indapamide and only 
minor and clinically irrelevant changes were observed in a 
few patients. The absence of significant changes in blood 
glucose during long-term treatment with indapamide is in 
agreement with other studies in diabetic!*:!? and nondia- 
betic”®.*! hypertensive patients. The lack of diabetogenic 
effect of indapamide may possibly be due to minor reduc- 
tion in serum potassium or a protective action on carbo- 
hydrate metabolism resulting from the differences in the 
molecular structure of indapamide compared with other 
diuretics (many oral antidiabetic agents have a common 
sulfonylurea structure). 

Although we cannot exclude that our data might be 
biased by a sequential effect, the tolerability and well- 
being of long-term monotherapy with indapamide, evalu- 
ated by a checklist of 19 items and self-assessment of 
physical fitness, was good on the whole. In our population 
of patients with predominantly asymptomatic mild or 
moderate hypertension, there was no significant worsen- 
ing and possibly a tendency toward an improvement of 
symptoms and a positive sense of well-being. 

In conclusion, our study with indapamide as mono- 
therapy in hypertensive patients shows that blood pres- 
sure control was obtained in 75% of the patients who were 
responders to indapamide monotherapy after 2 months 
and were therefore eligible for the monotherapy follow- 
up of 24 months. This blood pressure control is associated 
with (1) a good tolerance and a trend toward an improve- 
ment in well-being; and (2) a biochemical pattern charac- 
terized by a slight increase in uric acid, a mild decrease in 
plasma potassium, and no changes in serum lipids and 
glucose tolerance. 
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Diuretics and the Treatment of 
Systemic Hypertension 


Pedro Aranda, MD, and Eduardo Lopez de Novales, MD 


Diuretics are still among the most frequently used 
antihypertensive drugs in the treatment of hyper- 
tension. Their pharmacologic and hemodynamic 
properties are based on the water and salt metabo- 
lism in the pathophysiology of high blood pressure. 
Initially, there is a reduction of plasma and extra- 
cellular fluid volume; cardiac output also decreases. 
After this early phase, cardiac output returns to 
normal with an accompanying decrease in periph- 
eral resistance so as to correct the underlying he- 
modynamic fault of the hypertensive state. Diuret- 
ics have a high therapeutic efficacy either as mono- 
therapy or in combination with 8 blockers, angio- 
tensin-converting enzyme inhibitors or calcium an- 
tagonists. 

The main problem with the use of diuretics is re- 
lated to their metabolic side effects, which are 
dose-related. Currently, there is a tendency to 
administer low-dose diuretics, which result in fewer 
clinical and metabolic side effects, but with a con- 
tinued antihypertensive efficacy. Therefore, low 
doses of diuretics can be recommended as initial 
therapy in the stepped-care approach of hyperten- 
sion. 

(Am J Cardiol 1990;65:72H-—76H) 


From the Hypertension Unit, Regional Hospital, Malaga, Spain. 
Address for reprints: Pedro Aranda, MD, Hypertension Unit, Re- 
gional Hospital, Malaga, Spain. 
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to the present day, diuretics have been the most 

frequently used antihypertensive agent.* Both 
the first therapeutic recommendations from the World 
Health Organization committee of experts? and the latest 
recommendations of the Joint National Committee on 
Detection, Evaluation, and Treatment of Hypertension in 
19884 have consistently proposed diuretics as the hyper- 
tensive drugs of choice. 

Recently, it has been argued that changes are needed 
in the conventional antihypertensive therapeutic ap- 
proach of using diuretics and 6 blockers, mainly due to 
the possible negative biochemical effects and clinical in- 
tolerance of these agents.> 

Faced with this prospect, the reasons for considering 
diuretics as the antihypertensives of choice (Table I) and 
their related negative clinical-biochemical effects should 
be examined. 


k ince their introduction in clinical practice in 1957! 


EPIDEMIOLOGIC AND PHYSIOPATHOLOGIC 
ROLE PLAYED BY SODIUM IN THE 
DEVELOPMENT AND PERSISTENCE OF 
HIGH BLOOD PRESSURE 

From an epidemiologic standpoint, there appears to 
be a direct relationship between the consumption of sodi- 
um and the prevalence of high blood pressure.®° This rela- 
tionship between sodium chloride and blood pressure has 
recently been demonstrated by the Intersalt Cooperative 
Research Group.’ These results indicate that the urinary 
excretion of sodium is significantly related to blood pres- 
sure regardless of body mass ratio and alcohol intake. 

However, despite the difficulties encountered in con- 
ducting studies on the role of sodium restriction in the 
reduction of blood pressure, several investigators’? con- 
cluded that sodium dietary restriction leads to a short- 
and long-term decrease in blood pressure in hypertensive 
patients. There appears to be great heterogeneity in the 
response of blood pressure to the intake and to the deple- 
tion of sodium. Two clearly different population sub- 
groups exist, a sodium-sensitive one that responds to 
changes in the intake of sodium and a sodium-resistant 
one that does not.®!° 

These clinical epidemiologic considerations on the 
role of sodium intake in the development and persistence 
of high blood pressure are based on physiopathologic 
aspects. They focus on the role played by sodium as a 
result of a deficient renal excretion, a disturbance in the 
transmembrane ion transport, or an increase in peripher- 
al vascular resistance.!'!:!* Thus, in a salt-sensitive popu- 
lation, an increase in the intake of sodium chloride would 
lead to an increase in peripheral vascular resistance and 





TABLE I Advantages for the Use of Diuretics as Initial 
Antihypertensive Therapy 


Epidemiologic and physiopathologic role of sodium in the pathogenesis 
of high blood pressure 

Hemodynamic and pharmacologic effects 

Therapeutic efficacy 

Good compliance 

Relatively inexpensive 


blood pressure. The increase in both sodium and intracel- 
lular calcium leads to vascular reactivity and to an in- 
crease in sympathetic activity which, apart from increas- 
ing the peripheral vascular reactivity, would lead to a 
blockade in the renal excretion of sodium (Fig. 1). 


ANTIHYPERTENSIVE PHARMACOLOGIC AND 
HEMODYNAMIC EFFECTS OF DIURETICS: 
THERAPEUTIC EFFICACY 

Hemodynamically, diuretics decrease blood pressure 
initially by reducing the volume of extracellular fluid and 
cardiac output with a compensatory increase in peripher- 
al vascular resistance. However, in the medium to long 
term, cardiac output tends to normalize. This depends on 
the diuretic dosage and the sustained decrease in periph- 
eral vascular resistance,!*:!4 which is the major physio- 
pathologic factor in the maintenance of the hypertensive 
state. Although the mechanisms that maintain a low pe- 
ripheral vascular resistance are not completely defined, 
the vasodilating action of diuretics (Fig. 2) appears to be 
directly mediated by a reduction in vascular reactivity, a 
secondary effect of the decrease in the intracellular level 
of sodium and calcium in the smooth muscle cells of the 
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FIGURE 1. Mechanisms of increasing blood pressure in the 
salt-sensitive population. H.B.P. = high blood pressure; 
P.V.R. = peripheral vascular resistance. 
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FIGURE 2. Pharmacologic antihypertensive effects of diuret- 
ics. PGE2 = prostaglandin E>. 


vascular wall;!4-!6 or indirectly by reducing the vasocon- 
stricting response of arterioles to the action of endogenous 
vasoconstricting stimuli (catecholamines, angiotensin, 
actomyosin) or promoting the synthesis of vasodilating 
substances, such as prostacyclin or kallikreins.!3-!’ Alter- 
natively, the same adjustment that normalizes cardiac 
output, by self-regulation of tissues, may be responsible 
for the sustained reduction in peripheral vascular resis- 
tance.!° 

Therefore, epidemiologic and physiopathologic impli- 
cations of sodium in the pathogenesis of high blood pres- 
sure and the pharmacologic effects of diuretics enable us 
to consider these drugs as one of the antihypertensive 
groups of choice. 

With regard to their antihypertensive response, diu- 
retics have an efficacy similar to that of the angiotensin- 
converting enzyme inhibitors, calcium antagonists and 8 
blockers in the treatment of mild to moderate hyperten- 
sion and may be used as monotherapy or in combination 
with the other hypertensive agents.!’-!? Moreover, diu- 
retics may help to counteract in many patients the hyper- 
tensive effects of a high salt intake or the concurrent use 
of sodium-retaining drugs, such as nonsteroidal anti-in- 
flammatory drugs,'? and to prevent the water and salt 
retention that may be produced by some vasodilators 
such as hydralazine or minoxidil.!3:!!7 

With the exception of hypertensive situations compli- 
cated by edematous states or kidney failure, or those that 
require a rapid volume depletion, for which loop diuretics 
might be chosen, thiazide diuretics are preferable for the 
treatment of uncomplicated hypertension.!3:!7 

Opposed to loop diuretics, thiazide diuretics have been 
shown to produce a flat dose-response curve, and their 
antihypertensive efficacy does not improve significantly 
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TABLE ll Factors Influencing the Effects of Diuretics on the 
Renal Management of Potassium and Magnesium 


Type of diuretic 

Dose 

Duration of treatment 

Degree of salt restriction 

Normal balance of potassium and magnesium 

Associated diseases: left ventricular hypertrophy, ischemic heart 
disease 


when the dose is increased.!3-!72°.2! High doses of diuret- 
ics trigger a series of reflex-type mechanisms, such as 
sympathetic hyperactivity and activation of the renin- 
aldosterone-angiotensin system, in response to the exces- 
sive loss of water and salt.!3:!7.22-24 Nevertheless, this is 
not a general response, because in some patients a direct 
correlation has been described between volume loss and 
reduction of blood pressure after the use of thiazides.*° 

Therefore, the current trend in the use of diuretics for 
treating uncomplicated hypertension is to give thiazides 
at low doses because of their high therapeutic efficacy. 

Spironolactone and potassium-sparing diuretics (tri- 
amterene or amiloride) have a very mild antihypertensive 
action,!’ so they tend to be used only in combination with 
a thiazide or loop diuretic to prevent subsequent potassi- 
um loss. Nevertheless, the use of low doses of thiazides is 
associated in most patients with a mild potassium loss 
which may be counteracted, without the need for addi- 
tional distal-acting diuretics, by a diet with moderate salt 
restriction and a potassium-rich intake.!3.!’.6 

Apart from the excellent results obtained with the use 
of diuretics as monotherapy for the treatment of mild to 
moderate essential hypertension, especially in blacks and 
the elderly, they provide an excellent adjuvant to other 
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antihypertensive agents.*:'? Lower doses of diuretics are 
required when they are used in combination with 6 
blockers,'®:2”? angiotensin-converting enzyme inhibi- 
tors!8:28 and calcium antagonists*? because of the in- 
creased therapeutic efficacy. This may also improve the 
clinical tolerance of diuretics.*°° 


DISADVANTAGES OF DIURETICS 

The problems derived from the use of diuretics in the 
treatment of hypertension are related to their clinical 
tolerance and to the negative metabolic effects on urice- 
mia, serum potassium levels and lipid or carbohydrate 
metabolism, !2:15:17.31,32 

Most clinical and biochemical side effects are dose 
dependent and can be minimized by reducing the dose of 
these drugs. !3:!7.20.30.32 The most frequently observed ad- 
verse effects (>1%) include gastrointestinal disturbances 
(vomiting, nausea, diarrhea), weakness, dizziness, skin 
rash, sexual dysfunction and impotence, and muscle 
cramps.?!-33.34 Excessive doses of diuretics or their use in 
patients prone to volume depletion, such as the elderly or 
patients with disturbed sympathetic reflexes, may cause 
orthostatic hypotension.'*?! Apart from the dose, other 
factors that lower clinical tolerance are old age?’ or the 
presence of associated pathologic conditions, such as 
gout, dysfunction of the prostate and diabetes mellitus. 

Most metabolic side effects induced by diuretics are 
the result of varying degrees of volume contraction after 
water and salt depletion.*° These can be minimized to a 
great extent by the use of low doses. !3-!7-20.30,36 

The most important negative metabolic effects attrib- 
utable to antihypertensive treatment with diuretics is 
their arrhythmia-induced potential as a result of hypoka- 
lemia and hypomagnesemia.?%37-38 Physiopathologically, 
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hypokalemia is the result of the urinary loss of sodium 
and potassium and of the activation of the angiotensin- 
renin system induced by volume contraction.°° The ar- 
rhythmogenic effect of hypokalemia, increased by the 
loss of magnesium,*'? seems to be related both to an 
increased sympathetic activity?! and to an increase in the 
irritability of myocardial tissue due to changes in the 
intracellular/extracellular potassium ratio.”° 

The concern over diuretic-induced hypokalemia has 
recently been questioned.*°+! A controversy exists about 
the role of diuretic-induced hypokalemia in the develop- 
ment of arrhythmias; some studies suggest an increased 
risk,>’**:42 while others have failed to confirm it.43-45 

Although the initial results of the Multiple Risk Fac- 
tor Intervention Trial*® showed a greater mortality in the 
subgroup of patients with high blood pressure and elec- 
trocardiographic abnormalities treated with diuretics, 
neither the final report of the Medical Research Coun- 
cil nor The Hypertension Detection and Follow-Up 
Program** observed any adverse effects of diuretic thera- 
py on the cardiovascular mortality of patients. Moreover, 
the arrhythmogenic action of diuretics is likely to be 
directly related to their protracted use, particularly in 
prone persons, such as those with ischemic disease,?2:*! 
basal electrocardiographic disturbances“ or left ventricle 
hypertrophy.?!.37,40 

In contrast, the potassium losses caused by diuretics 
may be minimized by using low doses,!3.!7,26,39,40 
reducing sodium intake and increasing potassium in- 
take,!3-17.26.31 or adding potassium-sparing distal diuret- 
ics (Table II). 

Diuretics may lead to glucose intolerance or trigger 
the onset of diabetes, especially in obese persons or those 
with a family history of diabetes.'’+” Physiopathologi- 
cally, this appears to be related to the suppression of the 
pancreatic release of insulin induced by hypokalemia,’ 
and there is evidence that these effects can be prevented 
by maintaining suitable levels of potassium.*° Clinically, 
hyperglycemia usually appears with long-term use and 
disappears when treatment is discontinued.!’ Although 
there is no evidence that these disorders of carbohydrate 
metabolism can increase the vascular risk of hypertensive 
patients, the blood sugar levels of hypertensive patients 
treated with diuretics should be regularly checked. 

Although the prevalence of hyperuricemia in non- 
treated hypertensive patients is high, it is even greater 
after the use of diuretics, as a result of an excessive 
volume contraction.'’*° Treatment is not required, ex- 
cept in susceptible patients, or in those with plasma levels 
of uric acid in excess of 65 umol/liter in women or 77 
umol/liter in men.!’ 

Finally, increases in triglycerides, total cholesterol 
and low-density lipoprotein and very low density lipopro- 
tein cholesterol fractions have been described with the use 
of diuretics, mainly thiazides,'’>°>! furosemide, xipa- 
mide, bumetanide, metolazone or pyretanide.505! These 
changes in the lipid profile are quantitatively variable, 
dose-dependent, !317-50-52 and physiopathologically relat- 
ed to a greater sympathetic activity, release of catechol- 
amines,’ and to a reactive hyperinsulinism, to compen- 
sate for the increase in glucose after the increase in 


growth hormone.*>2 Indapamide, a diuretic classified as 
an indoline, with a mechanism and place of activity ap- 
parently similar to the thiazides,°° does not seem to cause 
any negative changes in the lipid profile,°°°354 even in 
hypertensive patients with hypercholesterolemia® (Fig. 
3). The effects of diuretics on lipids tend to decline on a 
long-term basis?!:3440 or when they are discontinued.>! 
The clinical effect on the vascular morbidity and mortali- 
ty of hypertensive patients with all these lipid changes, 
generally within a normal range,*° needs to be deter- 
mined. 

In conclusion, because of the epidemiologic and phys- 
iopathologic implications of sodium in the development 
and persistence of hypertension, and the vasodilating he- 
modynamic effects, high therapeutic efficacy, minimal 
clinical and biochemical side effects, relatively low cost 
and, in general, good compliance, low doses of diuretics 
should continue to be considered as antihypertensive 
agents of choice.*°40 
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Beneficial Effects of Indapamide on 
Lipoproteins and Apoproteins in 
Ambulatory Hypertensive Patients 


Isabelle Aubert, MD, Francis Djian, MD, and Jacques Rouffy, MD 


Among the numerous risk factors for atherosclero- 


sis, 2 are particularly important: hypertension and 
primary or secondary abnormalities of plasma lip- 
ids and lipoproteins. Antihypertensive treatments 
significantly decrease the risk of cerebrovascular 
accidents, renal failure or hypertensive cardiomy- 
opathy, but they have little influence on coronary 
artery disease. It has been suggested that some an- 
tihypertensive agents may have deleterious effects 
by altering serum lipoproteins and this may over- 
ride the benefit of blood pressure reduction. Diu- 
retics increase the blood concentration of total cho- 
lesterol, low-density lipoproteins and triglycerides. 
Indapamide, a methylindoline agent with vasodila- 
tor activity, has no adverse lipid effects. 

Twenty-six studies have clearly demonstrated 
that indapamide appears to be unique among diu- 
retics because of an absence of adverse lipid ef- 
fects. In some studies indapamide significantly in- 
creased high-density lipoprotein cholesterol, apo- 
proteins A;, A2 and apoprotein E. When a thiazide 
diuretic had been given previously, indapamide 
treatment normalized the lipid and lipoprotein pro- 
files. The reason for the lack of adverse lipid effects 
of indapamide is discussed. Thus indapamide, 2.5 
mg once daily, is effective and safe for the control 
of mild to moderate hypertension, both in young 
and older patients. It may be an optimal diuretic for 
use in normolipidemic or hyperlipidemic patients, 
as it increases high-density lipoprotein but not low- 
density lipoprotein cholesterol. 

(Am J Cardiol 1990;65:77H-SOH) 
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he causes of atherosclerosis are multiple.! 
Among the numerous risk factors, 2 are particu- 
larly important: hypertension and primary or sec- 
ondary abnormalities of plasma lipids and lipoproteins. 

The incidence of coronary events is positively correlat- 
ed with the degree of blood pressure elevation, high levels 
of total cholesterol, low-density lipoprotein (LDL) and 
very low density lipoprotein (VLDL) cholesterol, triglyc- 
erides or VLDL triglycerides, and apoprotein B and low 
levels of high-density lipoprotein (HDL) cholesterol, apo- 
protein A; and HDL,.>4 

The Lipid Research Clinics Coronary Primary Pre- 
vention Trial? clearly demonstrates that for every 1% 
decrease in plasma total cholesterol levels there is a 2% 
decrease in the frequency of coronary artery disease 
(CAD). There is also increasing evidence from epidemio- 
logic and intervention studies that triglycerides are an 
independent major risk factor for CAD. This is supported 
by angiographic and case-controlled studies as well as by 
biochemical investigations.°® 

Several important randomized controlled studies have 
demonstrated that, despite a marked decrease in cerebro- 
vascular events, renal failure and hypertensive cardiomy- 
opathy, antihypertensive treatment has little influence on 
CAD.’ In contrast to a 32 to 100% decrease in fatal or 
nonfatal cerebrovascular accidents, CAD complications 
showed only a moderate mean reduction of 11% after 
antihypertensive treatment.!° 

The explanation is unclear. It has been suggested that 
some antihypertensive agents have a deleterious effect by 
altering lipoproteins, and this may override the benefit of 
blood pressure reduction. Diuretics and 8 blockers are the 
2 principal pharmacologic agents that are known to alter 
lipids. 

With thiazide diuretics (hydrochlorothiazide, poly- 
thiazide, cyclopenthiazide, clopamide, bendroflumethia- 
zide and mefruside), the mean increase in serum triglyc- 
eride concentration was 20%, but the mean change in 
total cholesterol was small (+5 to +8%) because of an 
increase in VLDL and LDL cholesterol (+22 and +8%, 
respectively) and a reduction in HDL cholesterol 
(—20%). Chlorthalidone is also known to have adverse 
effects on lipid metabolism. With 8 blockers, the most 
constant and most obvious disturbances are an increase in 
total triglycerides (+38%) or VLDL triglycerides and a 
decrease in HDL cholesterol (—20%). The most pro- 
nounced alteration in serum lipids occurred with nonse- 
lective 6 blockers without intrinsic sympathomimetic ac- 
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A SYMPOSIUM: INDAPAMIDE AND ANTIHYPERTENSIVE STRATEGY 


TABLE I Summary of Open Safety Studies of Indapamide 


(2.5 mg/day) on Lipid Parameters 


Lipid Fraction 
Measured 


Duration of 
Treatment 


No. of 
Reference Pts. 


No Lipid or Lipoprotein Effects 


23 442 Tc-Tg 

24 Tc-Tg 

25 Tc-Tg 

26 Tc-Tg-LDLc-VLDLc 

27 Tc-HDLc 

28 Tc-Tg-LDLc-HDLc 
VLDLc 

29 Tc-Tg-LDLc-HLDc 
VLDLc-Apo A-B 

30 Tc-Tg-LDLc-HDLc 
VLDLc 

31 Tc-HDLc 

32 Tc-Tg-LDLc-HDLc- 
VLDLc ApoA;-B 

33 Tc-Tg 

34 Tc-Tg-HDLc 


Beneficial and Significant Change in Lipids and Lipoproteins (p <0.05) 


2 20 HDLc + 15% 
11 Tc + 16% 
HDLc + 17% 
Apo A; + 13% 
Apo A2 + 17% 


Apo = apoprotein; HDL = high-density lipoprotein; LDL = low-density lipoprotein; Tc 
= total cholesterol; Tg = triglycerides; VLDL = very low density lipoprotein. 


tivity.!!-!3 Therefore, it is important that blood pressure 
reduction should not be accompanied by an alteration in 
blood lipids.!4-16 


Indapamide is an orally active sulfonamide diuretic 
agent that is useful in the management of mild to moder- 
ate essential hypertension, in both young and old patients, 
decreasing resting systolic and diastolic blood pressures 
by 10 to 20%!” 

Blood pressure is reduced by volume contraction and a 
direct reduction of vascular reactivity.'*:'!? Most reports 
indicate that indapamide has no adverse effects on lipid 
levels.?? Indapamide thus appears to be unique among 
diuretics because of its lack of adverse lipid effects.?? 7 

The purpose of this report is to summarize the effect 
of indapamide, 2.5 mg once daily, on blood lipid parame- 
ters by comparison with other antihypertensive drugs. 


INDAPAMIDE AND LIPID METABOLISM 

Twenty-six studies have been reported, 25 of which 
have clearly demonstrated that treatment with indapa- 
mide is not associated with any significant adverse 
changes in blood lipid parameters. 

Two of the open studies (Table I) conducted by Mey- 
er-Sabellek et al? and Yoshino et al?> detected an increase 
in total cholesterol due to a significant increase in HDL 
cholesterol (15 and 17%, respectively; p <0.05), without 
modification of LDL cholesterol levels. In the study by 
Yoshino et al,*> indapamide replaced previous treatment 
with a thiazide. This resulted in an elevation of total 
cholesterol and HDL cholesterol levels, and an increase in 
apoprotein A;, A> lipoprotein fractions. One explanation 
is that HDL cholesterol and apoprotein A; levels had 
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TABLE Il Summary of Single-Blind (sb) and Double-Blind 
(db) Placebo Comparisons with Indapamide on Lipid 
Parameters 


Study Design Daily 
(Duration of No. of Dose Lipid Fraction 


Reference Treatment) Pts. (mg) Measured 


No Lipid or Lipoprotein Effect 
36 db 2.5 


Tc-Tg 
(8 weeks) 20 
37 sb 2.5 
(24 weeks) 17 
38 sb 
(1 year) 105 
17 db 
(24 weeks) 260 
39 sb 
(6-8 weeks) 69 


Tc-Tg 
Tc-HDLc 
Tc-Tg 


Tc-Tg-LDLc-HDLc- 
Tg-VLDL 
Tg-HDL/ 
ApoA,-Az2 


Beneficial Change on Lipid Parameters (p <0.05) 
sb 40 2.5 


40 Tg-28% 
(16 weeks) HDL-c + 27% 


Abbreviations as in Table |. 


been suppressed by thiazide treatment and that indapa- 
mide normalized these 2 parameters. 

Five single- and double-blind placebo studies have 
demonstrated that indapamide therapy has no effect on 
lipids (Table II). The most important is the study of 
Beling et al,!’ in which 360 patients were treated with 
indapamide for 24 weeks. At the end of the study there 
were no significant changes in total cholesterol and tri- 
glyceride levels. In the study by Gerber et al, all lipids 
and lipoproteins were examined and no disturbances were 
detected. Cardona et alf? found treatment with indapa- 
mide to decrease the triglyceride concentration signifi- 
cantly (—28%, p <0.05) and to increase HDL cholesterol 
(+27%, p <0.05). 

In 6 studies, indapamide was compared with other 
antihypertensive drugs, a thiazide diuretic in 5 studies, 
and a B blocker in the remaining study (Table III). 

Weidmann et al** compared the effects of indapa- 
mide, 2.5 mg/day, or tienilic acid, 250 mg/day, on serum 
lipid and lipoprotein concentrations in healthy and hyper- 
tensive men. After 6 weeks of treatment with tienilic acid, 
triglycerides and LDL cholesterol increased (+12 and 
+17%, respectively, p <0.05), whereas indapamide had 
no effect on these parameters. Neither agent significantly 
altered HDL cholesterol, total serum cholesterol or apo- 
protein B concentrations. 

In a 2-year study, Yoshino et alt compared indapa- 
mide with thiazide therapy. There was a significant in- 
crease in HDL cholesterol levels (+12%, p <0.05) and in 
apoprotein A; (+24%, p <0.05), apoprotein Cı (+45%, 
p <0.001) and apoprotein E (+19%, p <0.05) after 1 
year of indapamide treatment. LDL cholesterol levels did 
not show any significant change during the 2-year study 
period. 

In a multicenter trial, Morledge*> detected an in- 
crease of 9% (p <0.05) and 19% (p <0.001) in total 





TABLE Ill Summary of Comparative Studies Between Indapamide (IDP) and Other Antihypertensive Drugs on Lipid Parameters 


Study Design 
(Duration of 


Reference Treatment) 


Treatment 
of Pts. (n) 


Lipid Fraction 
Measured 


No Lipid or Lipoprotein Effects with IDP 


open (3 years) IDP (24) 


HCTZ + 
amiloride 


(52) 
IDP (18) 
tienilic 


sb (6 weeks) 


acid (16) 


open (1 month) IDP (12) 


Tc-HDLc 

Te + 12% —LDLc 
+ 17% (p <0.05) 
Tg-VLDL + 10% 
(p <0.05) 

Tc-Tg-LDLe 


HCTZ (12) 


open (12 weeks) IDP (12) 


Tc 


nadolol (8) 


Significant Increased Total Cholesterol with IDP (p <0.05) 


db (40 weeks) IDP (8) 
IDP (9) 


HCTZ 


Tc + 9% 
Tc +19% 
Tc +10% 


Beneficial and Significant Change on Lipid and Lipoproteins (p <0.05) 


open (2 years) IDP (15) 


TCMTZ (15) 


db = double-blind; HCTZ = hydrochlorothiazide; sb = single-blind; TCMTZ = 


cholesterol levels in patients treated with indapamide, 2.5 
and 5 mg/day, respectively. 


The increase in serum cholesterol concentration was 
higher after indapamide, 5 mg/day, than after hydro- 
chorothiazide, 50 mg/day. Further studies are needed to 
compare indapamide with a standard thiazide agent used 
in conventional and low-dose therapy.*.’ 

Chemical structure is not thought to be a factor in the 
lack of lipid effect of indapamide, because another agent 
of this class of nonthiazide diuretics, clopamide, is known 
to increase LDL cholesterol concentrations.*’ The vasodi- 
lating action of indapamide or the low recommended 
daily dosage (2.5 mg/day) are possible explanations. 


CONCLUSION 

Indapamide, 2.5 mg once daily, is effective and safe 
for the control of mild to moderate hypertension. This 
new diuretic antihypertensive agent differs from estab- 
lished agents both in chemical structure and in its vascu- 
lar effects. Indapamide appears to be unique among diu- 
retics because it lacks lipid effects. It may be an opti- 
mal diuretic for use in normolipidemic or hyperlipidemic 
patients becauses it increases HDL but not LDL choles- 
terol. 
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The Angiotensin-Converting Enzyme Inhibitor: 
A Drug for All Seasons 


William W. Parmley, MD 


zyme (ACE) inhibitors, their use has increased 

dramatically. Initially approved for the treatment 
of hypertension, it became evident that they were of con- 
siderable value as afterload-reducing agents in patients 
with congestive heart failure. As one of the class of vaso- 
dilator drugs, ACE inhibitors have shown the ability to 
prolong life in patients with severe congestive heart fail- 
ure. These beneficial effects have led to a broadened 
search for other applications of these drugs. This search 
has been spurred, in part, by the discovery that the renin- 
angiotensin system is located in a wide variety of body 
tissues. Thus, the potential for a variety of physiologic 
benefits is heightened by the widespread presence of this 
important system. This symposium highlights some of the 
ramifications of the presence of the renin-angiotensin 
system in a variety of body tissues. 

Unger and Gohlke review the local renin-angiotensin 
systems in the heart and vascular walls, and the evidence 
that these systems may play an important role in hyper- 
tension and ventricular hypertrophy. They also discuss 
the relationship of the renin-angiotensin system to other 
hormonal mediators such as the kinins. Of considerable 
importance are the potential effects of converting enzyme 
inhibitors on reversing cardiac hypertrophy and altering 
the peripheral vasculature. This review summarizes the 
experimental evidence that ACE inhibitors are important 
not only because of their effects on the plasma renin 
angiotensin system, but also because local tissue inhibi- 
tion may play an important role in the actions of these 
drugs. Sweet extends these findings to the potential ef- 
fects of ACE inhibitors in the heart, particularly in isch- 
emic myocardium. Sweet discusses the role of bradykinin 
and prostacyclin, and the potential for sulfhydryl-con- 
taining ACE inhibitors to be scavengers of oxygen free 
radicals. 

These issues are further discussed by Lucchesi who 
analyzes the potential benefit of ACE inhibitors on reper- 
fusion injury after ischemia. Lucchesi focuses on the role 


. ; ince the introduction of angiotensin-converting en- 
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of the neutrophil and its contribution to tissue injury, and 
reviews the various interventions that have been proposed 
to reduce reperfusion injury, particularly free radical 
scavengers. Lucchesi discusses the fact that studies have 
shown both positive and negative effects with free radical 
scavengers such as superoxide dismutase, and that many 
of these differing results may be related to individual 
animal models or the short half-life of the protective 
substances, or both. Kukreja et al provide the counter- 
point argument to the potential for ACE inhibitors to 
protect against injury after ischemia and reperfusion. In 
their study, captopril and enalaprilat did not show signifi- 
cant inhibition of the free radical mechanisms but may 
have acted as a nonspecific antioxidant. 

Besides providing protection from reperfusion injury 
after ischemia, there is theoretical benefit if ACE inhibi- 
tors are given during and after an acute myocardial in- 
farction. Cohn and Levine describe the neurohormonal 
responses that occur in acute myocardial infarction. This 
complex response involves the activation of the sympa- 
thetic nervous system, the antidiuretic hormone system, 
and the release of atrial natriuretic peptide. The potential 
for this complex interaction can be to provide either bene- 
ficial or deleterious effects. Cohn reviews the Veterans 
Administration Cooperative Study that evaluated the in- 
fusion of sodium nitroprusside for 48 hours in patients 
after acute myocardial infarction. This study was de- 
signed to test the hypothesis that vasoconstriction might 
be an adverse effect during this early period after acute 
infarction. Nitroprusside appeared to be more favorable 
when given later and in the presence of predominantly 
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systolic dysfunction. This study emphasizes the complex 
interplay between neurohormonal mechanisms and the 
challenge of intervening in a way that will produce bene- 
fit. 

Willerson and Buja review a variety of agents that 
have been evaluated relative to their protection during 
thrombolytic therapy. These include: thromboxane re- 
ceptor antagonist and synthesis inhibitors, serotonin and 
receptor antagonists, leukotriene synthesis inhibitors or 
receptor antagonists, and aspirin. In addition, he reviews 
the potential benefit of calcium antagonists, 8 blockers, 
phospholipase antagonists and free radical scavengers. 
The complex and changing biology of acute myocardial 
infarction during thrombolysis raises the real possibility 
that combined therapy with selected agents may be of 
greater benefit than therapy with individual agents alone. 

One of the major unsolved issues related to the treat- 
ment of congestive heart failure is the high incidence of 
serious ventricular arrhythmias and sudden death which 
may range from 20 to 50% in patients with heart failure. 
Although ACE inhibitors have been shown to reduce 
premature ventricular contractions, unfortunately they 
have not yet demonstrated an ability to reduce the inci- 
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dence of sudden death. No other drugs have shown this 
benefit in the presence of congestive heart failure, al- 
though in the postmyocardial infarction setting, the 6 
blockers have reduced the incidence of serious arrhyth- 
mias and sudden death. The fact that high circulating 
neurohormonal levels are predictive of an adverse out- 
come suggests the potential for drugs that interfere with 
the neurohormonal systems to produce benefit. Keane 
and Shapiro examine the potential renal protective ef- 
fects of ACE inhibitors. Although the predominant bene- 
ficial effect of this therapy may be mediated by hemody- 
namic changes, there is additional evidence that there 
may also be some effect on growth/proliferation of glo- 
merular cells. 

As one reviews the contributions to this symposium, it 
is clear that the ACE inhibitors are likely to have a wide 
variety of effects, in part because of the ubiquitous nature 
of the tissue renin-angiotensin system. It is clear that 
future studies may help us to unravel the potential benefi- 
cial effects of these agents in a wide variety of circum- 
stances and thus greatly enhance our knowledge of the 
beneficial and detrimental effects of renin-angiotensin 
stimulation and blockade. 





Tissue Renin-Angiotensin Systems in the 
Heart and Vasculature: Possible Involvement 
in the Cardiovascular Actions of 
Converting Enzyme Inhibitors 


Thomas Unger, MD, and Peter Gohlke, PhD 


The existence of independently functioning local re- 


nin-angiotensin systems in a number of tissues has 
been firmly established by biochemical and func- 
tional evidence and, most recently, by the demon- 
stration of genetic messages for components of the 
renin-angiotensin systems, such as renin and an- 
giotensinogen, in several organs. In this review, lo- 
cal renin-angiotensin systems in the heart and vas- 
cular walls are described and the contribution of a 
local inhibition of converting enzymes to the cardio- 
vascular actions of converting enzyme inhibitors is 
discussed. Most of the studies cited support the hy- 
pothesis that an inhibition of cardiac converting en- 
zyme may be involved in the beneficial hemody- 
namic and metabolic actions of converting enzyme 
inhibitors in cardiovascular disease, such as hyper- 
tension and congestive heart failure, independent of 
the circulating renin-angiotensin system. Local ef- 
fects on cardiac converting enzyme may contribute 
to the ability of converting enzyme inhibitors to re- 
duce cardiac hypertrophy. Similarly, local convert- 
ing enzyme inhibition in the vascular wall may not 
only constitute a mechanism involved in the antihy- 
pertensive effects of converting enzyme inhibitors, 
but may also contribute to the regression of hyper- 
tension-induced vascular hypertrophy. In addition 
to reduced local angiotensin II generation, convert- 
ing enzyme inhibition may engender a potentiation 
of the local effects of kinins. This mechanism may 
be more important to the cardiovascular actions of 
converting enzyme inhibitors than initially thought. 
(Am J Cardiol 1990;65:3 I-10 I) 
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ost of the early clinical pharmacologic studies 
M: converting enzyme inhibitors (CEIs) dealt 

with acute effects of the drugs on blood pres- 
sure and parameters of the renin-angiotensin system. It 
has been consistently demonstrated that on CE adminis- 
tration, expected changes of blood parameters of the re- 
nin-angiotensin system occurred; i.e., angiotensin II (A- 
II) decreased, angiotensin I (A-I) increased, CE activity 
was inhibited, renin activity increased due to the with- 
drawal of negative feedback inhibition by A-II, and aldo- 
sterone levels of plasma or urine were decreased. How- 
ever, in clinical cases of long-term treatment with CEIs, it 
was revealed that this simple scheme had to be reconsid- 
ered. It is hypothesized that local angiotensin synthesis in 
cardiovascular organs, i.e., the vasculature, heart, adre- 
nal glands and the brain, may be important. The follow- 
ing review focuses on the evidence for (1) local renin- 
angiotensin systems in the heart and the vascular walls; 
and (2) the possible contribution of local CE inhibition in 
the heart and vascular walls to the systemic cardiovascu- 
lar actions of CEIs. 


EVIDENCE FOR A LOCAL RENIN- 
ANGIOTENSIN SYSTEM IN THE HEART 

Evidence for a local renin-angiotensin system in the 
heart has been obtained by the isolation and biochemical 
characterization of the various components of the system 
from heart tissue and more recently by the demonstration 
of renin and angiotensinogen messenger ribonucleic acid 
in the cardiac tissues of rats and mice.!-3 

The myocardial levels of angiotensin peptides were 
measured in rhesus monkeys (Fig. 1). A-II was higher in 
the atria than in the ventricles and higher in the right than 
in the left atrium.* Perfusion of isolated rat hearts with 
renin led to a concentration-dependent release of A-I and 
A-II and perfusion with A-I to a release of A-II. The A-II 
release was prevented by the addition of CEI to the perfu- 
sate. The conversion of A-I to A-II in untreated hearts 
was 7%, which corresponded to a production of A-II at a 
rate of 0.8 pmol/min.° 

Inhibition of cardiac A-II generation by CEIs has also 
been demonstrated in ex vivo experiments. Isolated hearts 
from rats pretreated with CEI reduced A-II levels in the 
effluent when perfused with A-I.° Direct measurement of 
CE activity in heart tissue lends further support to a local 
cardiac A-II generation system in the heart. Acute and 
chronic oral antihypertensive treatment of spontaneously 
hypertensive rats (SHRs) with the CEIs enalapril, rami- 
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FIGURE 1. Angiotensin concentrations in cardiac tissue of monkey (fmol/g wet weight). ANG I, ANG Il = angiotensin I and Il, re- 


spectively. 


pril or perindopril inhibited the CE activity in cardiac 
tissue; this effect was demonstrable as early as 15 minutes 
after oral administration of CEI.” 


CARDIAC EFFECTS OF ANGIOTENSIN Il 

A-II exerts pronounced effects on the heart. In addi- 
tion to its marked vasoconstrictor effect on coronary 
arteries,!° exogenously administered A-II is known to be 
an effective inotropic agent enhancing myocardial con- 
tractility by both direct and indirect myotropic mecha- 
nisms. With the use of isolated preparations, A-II has 
been found, with rare exceptions,'! to exert a positive 
inotropic influence on myocardial function. A major fo- 
cus of investigative effort in this area has been the separa- 
tion of direct and indirect positive inotropism of A-II, the 
latter being primarily due to its effects on sympathetic 
nervous function. When sympathetic facilitation was 
carefully avoided or excluded, dose-dependent, direct, 
positive, inotropic effects of A-II have been shown in 
isolated atria and papillary muscle strips of rabbits,'! 
dogs,!? cats!3:!4 and guinea pigs.'° 

The precise mechanism by which the myotropic ef- 
fects of A-II are mediated is not known, but the recent 
identification of myocardial A-II-binding sites!° suggests 
modulation of intracellular calcium via the phosphatidyl 
inositol system after A-II receptor stimulation. In addi- 
tion, A-II may influence the heart by facilitating cardiac 
sympathetic nerve action, thus contributing to its inotro- 
pic actions.’ 


FUNCTIONAL ASPECTS OF CARDIAC 
CONVERTING ENZYME INHIBITION 

Inhibition of local CE in the heart was investigated in 
several experimental studies using models of myocardial 
ischemia and cardiac hypertrophy. Ex vivo and in vitro 
studies with the CEI captopril revealed that CEIs can 
protect isolated perfused rat hearts from reperfusion ar- 
rhythmia,'® which was exaggerated by A-I and A-II. CEI 
treatment abolished the arrhythmogenic effects of A-I, 
but did not affect those of A-II.!7-!? In addition, hearts 
pretreated with CEIs released markedly less lactate de- 
hydrogenase, creatinine kinase and lactate, while the 
myocardial concentrations of glycogen, adenosine tri- 
phosphate and creatinine phosphate were elevated. CEIs 
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also improved cardiac function in this model, as evi- 
denced by enhanced left ventricular pressure, contractili- 
ty and coronary flow.!*-7° 

Role of bradykinin: Similar enzymatic and metabolic 
effects, as with CEIs, were obtained with bradykinin in 
the perfusate at concentrations too low to have any car- 
diodynamic action.'?-?! The specificity of bradykinin-in- 
duced effects was underlined by the finding that the car- 
dioprotective actions of bradykinin and of CEIs were 
obliterated by a bradykinin antagonist.’* Thus, the bene- 
ficial actions of CEIs in the heart could be mediated not 
only by a suppression of local A-II generation, but also by 
a potentiation of local kinin actions. Bradykinin has been 
shown to increase coronary and capillary flows and glu- 
cose uptake in isolated hearts and cardiac myocytes.***4 
A bradykinin-induced stimulation of cardiac prostacyclin 
biosynthesis,?5?6 tissue plasminogen activator,” and en- 
dothelium-derived relaxing factor release,’ have to be 
taken into account as mechanisms by which a bradykinin 
potentiation might contribute to the cardiac actions of 
CEIs. 

Sympathetic transmission: Inhibition of sympathetic 
transmission in the heart may be an additional factor in 
the cardiac actions of CEIs. In isolated hearts, CEIs 
(captopril, enalapril, ramipril) were shown to reduce nor- 
adrenaline overflow in ischemia!’ and to antagonize the 
effects of sympathetic nerve stimulation on coronary flow 
and contractility (Fig. 2).°° Inhibitory actions on cardiac 
sympathetic transmission might be related to reduced 
local A-II synthesis.’ 


EFFECTS OF CONVERTING ENZYME 
INHIBITORS ON CARDIAC HYPERTROPHY 

CEIs can prevent or reduce hypertension-induced car- 
diac hypertrophy. Regression of left ventricular hypertro- 
phy by CEIs was demonstrated in normal rats?! and in 
different forms of experimental hypertension in rats, such 
as Dahl salt-sensitive rats? and SHRs.** A significant 
decrease in left ventricular mass followed by prolonged (3 
to 7 months) treatment with CEIs has been observed in 
hypertensive patients.*+ 

When rats with experimentally induced aortic steno- 
sis were treated for several weeks with equiantihyperten- 
sive doses of the CEI ramipril, the calcium antagonist 





nifedipine and the vasodilator dihydralazine, cardiac hy- 
pertrophy developed in the nifedipine- and dihydralazine- 
treated rats, but not in the ramipril-treated rats. In con- 
trast, the plasma A-II concentrations were only reduced 
in the group treated with CEIs.7°"° In a similar study 
using the same experimental model of hypertension, left 
ventricular hypertrophy was significantly blunted by the 
CEI quinapril.*’ 

Because of documented cell proliferative effects of A- 
II, findings suggest that CEIs prevent cardiac hypertro- 
phy, not only through their antihypertensive actions (i.e., 
by afterload reduction) but also more specifically by re- 
ducing systemic or local A-II synthesis. The pathophysio- 
logic role of A-II as a growth factor?’ leading to cardiac 
and vascular hypertrophy in hypertension needs to be 
elucidated. Future research should investigate how effec- 
tively and specifically the cell proliferative actions of A-II 
can be antagonized by CEIs. 


EFFECTS OF CONVERTING ENZYME 
INHIBITORS IN CONGESTIVE 
HEART FAILURE 

Clinically, CEIs have been successfully introduced 
into the treatment of congestive heart failure. The addi- 
tion of enalapril to conventional drug therapy significant- 
ly reduced mortality in advanced stages (New York 
Heart Association class IV) of this disease.*? The benefi- 
cial effect of CEIs cannot be explained on the basis of 
afterload reduction alone. It appears that direct cardiac 
actions play an important role. The therapeutic efficacy 
of captopril in congestive heart failure has been reviewed 


by Romankiewicz.*? More recent reviews are also avail- 
able. 


RENIN-ANGIOTENSIN SYSTEM 
IN THE VASCULAR WALL 

The idea that vascular renin may contribute locally to 
blood pressure regulation and hypertension independent 
of the renin-angiotensin system50-5? has gained substan- 
tial support in recent years by the biochemical presence of 
the components of the renin-angiotensin system and of 
genetic material required for local angiotensin production 
in the vascular wall.54-57 

Locally generated vascular angiotensin may be in- 
volved in a variety of hemodynamic functions, including 
direct or sympathetically mediated vasoconstriction and 
vascular spasm, and may also modulate the vascular an- 
giotensin receptors and their response to circulating an- 
giotensin. In addition, local angiotensin may induce cell 
proliferation and contribute to inflammatory vascular re- 
sponse as well as edema formation.56 


CONVERTING ENZYME IN THE VASCULAR 
WALL: LOCALIZATION OF VASCULAR 
CONVERTING ENZYME 

CE has been found in the vascular tissues of large and 
small arteries, and in the veins of humans and various 
animal species, by using methods to measure enzyme 
activity and, more recently, by immunofluorescence or 
radioinhibitor binding assays.°>©° In most of these stud- 
ies, the enzyme was found predominantly in the endothe- 


CONTROL Hoe 498-DIACID 


FIGURE 2. Influence of ramiprilat (Hoe 498-diacid) (10 yg/ml/ 
min) on the effects of sympathetic nerve stimulation in isolated 
rabbit hearts. CON = force of contraction (G); FLO = coronary 
flow (ml/min); HR = heart rate (beats/min); s = stimulation pe- 
riod. (Reprinted with permission from Eur J Pharmacol.®®) 


lial layer, but also occurred in the adventitia.-°! Velletri 
and Bean? demonstrated that a substantial portion of 
enzyme activity was localized within the tunica media of 
rat aorta, suggesting that A-II may be generated in vas- 
cular smooth muscle. Saye et al®’ observed that A-I con- 
tracts endothelium-denuded rings of rabbit aorta suggest- 
ing a conversion of A-I to A-II in extraendothelial layers 
of the vascular wall. Other investigators, however, have 
not been able to detect appreciable amounts of the en- 
zyme in the medial layer of blood vessels.®-°! Localiza- 
tion studies and the evidence cited for angiotensinogen 
and renin production in endothelial cells points to the 
endothelium as the major site of vascular A-II synthesis 
(Fig. 3). 

Specificity of vascular converting enzyme: CE can 
degrade a number of vasoactive peptides in addition to A- 
I.6 CE-dependent metabolism of these peptides may 
have as much of an impact on vascular tone and function 
as the A-II-generating capacity of the enzyme. In addi- 
tion, there is growing evidence that CE is not the only 
enzyme to generate A-II in the vascular wall.® Thus, 
inhibition of vascular CE by CEI may not abolish total A- 
II-synthesizing capacity in some vascular territories 
where the homeostasis of the local renin-angiotensin sys- 
tem is maintained to some extent by non-CE A-I]-gener- 
ating enzymes. This may explain why A-II, at reduced 
concentrations, was still measurable in the aortic wall 
after single-dose oral CEI treatment with ramipril. 


EFFECT OF CONVERTING ENZYME 
INHIBITORS ON VASCULAR CONVERTING 
ENZYME ACTIVITY: INHIBITION OF 
VASCULAR CONVERTING ENZYME 

Indirect evidence for vascular CE inhibition, after 
systemic CEI treatment, was presented in earlier studies 
reporting on rats with renal hypertension. In these experi- 
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ments, a slow decrease in vascular renin-like activity, 
after bilateral nephrectomy, correlated better with a slow 
decline in blood pressure and depressor responses to 
blockers of the renin-angiotensin system than did a rapid 
decrease in plasma renin activity.” In further experi- 
ments, it was demonstrated that chronic oral antihyper- 
tensive treatment of SHRs with the CEI captopril in- 
creased renin concentrations in the vascular wall of the 
aorta.66:67 

Direct evidence for inhibition of CE in the vascular 
wall after oral treatment with CEIs has been documented 
by several research groups. In a series of experiments in 
SHRs, Cohen and Kurz, and Cohen et al®? demon- 
strated that acute oral treatment with captopril and ena- 


PLASMA 


INHIBITION OF CE ACTIVITY 


PERCENT 


FIGURE 4. Inhibition of converting enzyme activity in plasma 
and different organs after 4 weeks of oral antihypertensive 
treatment with enalapril, MK421 (10 mg/kg/day) in stroke- 
prone spontaneously hypertensive rats. 
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FIGURE 3. Model for local angiotensin Il 
(ANG Il) generation in a vascular endo- 
thelial cell. Renin and angiotensiongen 
(A’OGEN) may be taken up from the circu- 
lating blood by receptor endocytosis or lo- 
cally synthesized in the cell. ANG Il is syn- 
thesized inside the cell but can also be 
generated outside the cell when intracellu- 
larly synthesized angiotensin I (ANG I) is 
released by exocytosis and gets in contact 
with converting enzyme at the luminal side 
of the cell membrane. ANG Il can bind to 
receptors on the same cell (autocrine) or 
on adjacent cells (paracrine) or on its nu- 
clear receptors. DNA = deoxyribonucleic 
acid; mRNA = messenger ribonucleic acid. 


lapril, at antihypertensive doses, dramatically reduced 
CE activity in the aorta, mesenteric and carotid arteries, 
as well as in the vena cava and the mesenteric and jugular 
veins. In contrast to the CE inhibition in the blood, CE 
inhibition in the arterial walls persisted for more than 24 
hours. 

Prolonged inhibition of CE activity in the aortic wall, 
but not in the blood serum, after repeated intraperitoneal 
injections of captopril was also observed by Velletri and 
Bean.®? In their laboratory, differences in extent and du- 
ration of aortic CE inhibition after acute oral administra- 
tion of CEI in rats were observed. Antihypertensive doses 
of ramipril and enalapril, which had similar inhibitory 
effects on plasma CE activity (1 and 30 mg/kg, respec- 
tively), resulted in differential effects. Ramipril produced 
more than 90% inhibition of the aortic enzyme, which 
lasted more than 48 hours, whereas enalapril produced a 
less pronounced CE inhibition of shorter duration.’ Simi- 
lar findings were reported by Chevillard et al’? who com- 
pared CE inhibitory actions of trandolapril and enalapril 
in blood serum and various tissues, including the aorta, 
after single oral subdepressor doses (3 to 300 ug/kg) of 
the 2 compounds in normotensive rats. At doses that 
equally inhibited serum CE activity, trandolapril inhibit- 
ed aortic CE to a greater extent than enalapril. Twenty- 
four hours after dosing, aortic CE was still inhibited by 
approximately 40% in the enalapril group, with a tenden- 
cy back to control values, whereas aortic CE was still 
maximally (>90%) inhibited in the trandolapril group. 
Chronic oral CEI treatment with enalapril, ramipril and 
perindopril markedly inhibited the enzyme in a number 
of tissues, including the aortic and mesenteric wall (Fig. 
4).’8:7! Differences in CEI with respect to vascular CE 
inhibition were observed in these studies; ramipril was 
more potent than perindopril and enalapril. 

Antihypertensive actions of converting enzyme in- 
hibitors and vascular converting enzyme inhibition: At- 
tempts to relate CE inhibition in the vascular wall, in vivo, 





to the antihypertensive effects of CEI, where the effect of 
these drugs on tissue CE are clearly separated from those 
in the plasma renin-angiotensin system, have been diffi- 
cult to design. One experimental approach, elimination of 
plasma renin-angiotensin system by bilateral nephrecto- 
my, has provided evidence that a stimulated renin-angio- 
tensin system in the vascular wall may contribute to the 
maintenance of elevated blood pressure and that the vas- 
cular renin-angiotensin system is sensitive to specific re- 
nin-angiotensin system inhibitor treatment.’ Other re- 
sults have shown that oral treatment with CEIs reduced 
vascular CE activity and vascular A-II concentrations 
independent of the plasma renin-angiotensin system.'* A 
single oral dose of the CEI ramipril (10 mg/kg) was given 
to rabbits that had undergone bilateral nephrectomy 20 
hours before to eliminate circulating renin as a confound- 
ing factor. Four hours after treatment, tissue A-II con- 
centrations were found to be significantly reduced in the 
vascular wall of the aorta compared with vehicle-treated 
control concentrations. ’! 

In a second approach to the question of how tissue CE 
inhibition relates to antihypertensive effects of CEI, CEI- 
induced changes in blood pressure were correlated with 
the degree of the renin-angiotensin system inhibition in 
plasma vs tissue. Nakata et al’* treated SHRs and 2- 
kidney, 1-clip renal hypertensive rats orally with CEI SA 
446 for 1 week and found that a maximal decrease in 
blood pressure correlated with a maximal CE inhibition 
in the aorta, but not in the brain, lung, heart or in the 
blood. Nambu et al’? investigated the tissue distribution 
of '*C captopril and '*C alacepril, a captopril-related 
drug, after a single oral dose was administered to renal 
hypertensive rats. They found that the tissue distribution 
of both drugs correlated with the local CE inhibition in 
serum, lung, aorta and kidneys. Although the extent and 
duration of antihypertensive effects of the inhibitors 
could not be directly related to CE inhibition in the spe- 
cific tissues, differences in the pharmacologic profile of 
the drugs were more strongly associated with the respec- 
tive total CE inhibition in serum plus tissues than with the 
individual CE inhibition in serum or tissues. 

In a third experimental approach, the drugs were 
withdrawn after extended periods of treatment. Persis- 
tent post-treatment blood pressure reduction was related 
to post-treatment changes in the plasma renin-angioten- 
sin system or tissue CE. Stroke-prone SHRs were treated 
orally for several weeks with CEIs enalapril (30 mg/kg/ 
day) and ramipril (3 mg/kg/day). Blood pressure was 
normalized and plasma and tissue CE in various organs 
was inhibited during treatment. On withdrawal of the 
drugs, reduced pressor responses to intravenous A-I and 
reduced CE activity in the blood plasma were restored to 
normal within 1 day. Blood pressure remained decreased 
for an additional 2 weeks and CE inhibition persisted in 
the kidney and aortic and mesenteric vascular walls.*:’4 
These findings demonstrated that the prolonged antihy- 
pertensive action of CEI was unrelated to CE inhibition 
in the plasma and lung endothelium, but was associated 
with persistent CE inhibition in the kidney and the aortic 
and mesenteric vascular walls. 


In similar experiments, Longman and Howlett’? stud- 
ied the relationship between the blood pressure-reducing 
activity of CEIs and inhibition of plasma and tissue CE in 
sodium deficient normotensive rats. Tissue CE activity in 
the aorta, mesenteric bed and lung was inhibited for up to 
96 hours after cessation of a 3-week course of treatment, 
whereas a reduction in blood pressure and inhibition of 
plasma CE lasted only 48 hours after treatment. Al- 
though it appears that blood pressure reduction followed 
inhibition of the plasma renin-angiotensin system rather 
than vascular wall CE, it is pointed out that because of 
sodium depletion before treatment, the plasma renin- 
angiotensin system was stimulated in these rats, increas- 
ing its importance in blood pressure control. Nakamura 
et al’ reported a vascular tissue CE inhibition in SHRs 
after a single oral dose of the CEI cilazapril (0.3 and 3 
mg/kg). They observed a persistent 24-hour inhibition of 
CE in the aortic, carotid, brachial and femoral arteries 
and veins, and in the pulmonary vein. Inhibition in the 
mesenteric and renal vessels and in the pulmonary, sub- 
clavian and circle of Willis arteries lasted <24 hours after 
dosing. A decrease in blood pressure was maximal be- 
tween 4 and 6 hours and was significant 24 hours after 
treatment. As in previous studies, a marked inhibition of 
CE in the larger arteries and veins represents a consistent 
feature of systemic CEI treatment. This raises the possi- 
bility that vascular changes induced by CEI drugs may be 
related not only to vascular resistance controlled by the 
small arteries, but also to the distensibility of larger ves- 
sels. 


SIGNIFICANCE OF CONVERTING ENZYME 
INHIBITION IN LARGE ARTERIES 

The large conduit arteries, i.e., the aorta and the coro- 
nary, carotid and renal arteries, have long been underesti- 
mated with respect to their participation in blood flow 
regulation. Recent evidence indicates that these vessels, 
through their conduit and buffering functions, play an 
important role in blood pressure control and within 
pathophysiologic events in many cardiovascular disor- 
ders. An increasing number of experimental and clinical 
studies suggest that the therapeutic benefit of CEIs in 
hypertension and congestive heart failure can be partially 
explained by their effect on vascular compliance and dis- 
tensibility of the large arteries. This aspect of vascular 
CEI action has recently been reviewed by Dzau and Sa- 
far.’’ They concluded that increases in arterial caliber 
and distensibility may contribute to the cardiovascular 
effects of CEIs, promoting regression of cardiac hyper- 
trophy, reducing hypertensive vascular injury and pre- 
venting congestive heart failure. 


FUNCTIONAL ASPECTS OF VASCULAR 
CONVERTING ENZYME INHIBITION 

Locally generated A-II may exert different actions to 
influence vascular tone and distensibility. These include 
direct vasoconstriction by stimulation of angiotensin re- 
ceptors on the smooth muscle cells of the vascular me- 
dia,’ facilitation of adrenergic transmission leading to 
vasoconstriction by an increased vascular tone,’?8° and 
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TABLE I Cross-Sectional Area of Arterial Media at Different Sites of the Arterial Tree 


103 X Cross-Sectional Area (um?) 


Renal 
Artery 


Abdominal! 
Aorta 


Thoracic 
Aorta 


Treated SHRSP 
Untreated SHRSP 
WKY 


346 + 28 
633+ 101 
378 + 31 


Values are mean + standard error of the mean. 


298 + 18 
433+ 61 
335: T1 


65417 
103 + 20 
71413 


lst Divis. 


Intrarenal Arteries Peripheral 


Renal 


2nd Divis. 3rd Divis. 4th Divis. Arteries 


2144 
406 
20E 2 


Divis. = division; SHRSP = stroke-prone spontaneously hypertensive rats; WKY = Wistar Kyoto control rats. 


Reproduced with permission from Clin Sci.<* 


stimulation of sodium ion and calcium ion transport sys- 
tems across the cell membrane, as demonstrated in cul- 
tured vascular smooth muscle cells.8! In addition, A-I 
may exert vasodilatory actions through stimulation of 
endothelial prostacyclin synthesis,5? although the func- 
tional significance of this effect is still unclear. 

Evidence for a pathophysiologic role of the stimulated 
vascular renin-angiotensin system in hypertension has 
been provided by several groups. In addition to the studies 
cited that reported a stimulated vascular renin-angioten- 
sin system in SHRs and in animals with hypertension of 
renal origin, Okamura et alë? demonstrated increased 
vascular CE activity and an enhanced vasoconstrictor 
response to A-I in arteries isolated from 1-clip, 2-kidney 
hypertensive rats. Interestingly, the CEI enalapril and an 
A-II receptor antagonist reduced blood pressure despite 
the fact that the plasma renin-angiotensin system was not 
stimulated. This finding adds support to the idea that 
vascular rather than the plasma renin-angiotensin system 
stimulation helps to maintain high blood pressure in some 
forms of hypertension. Results indicating that local vas- 
cular A-II generation can be reduced by CEIs in humans 
have been obtained by Webb and Collier.** They report- 
ed that during an infusion of ramiprilat, the active parent 
diacid of ramipril, into the brachial artery of hypertensive 
patients and normotensive persons, the intrabrachially 
infused doses of A-I had to be increased by a factor of 20 
to obtain the same vasoconstriction as before ramipril, 
while the vasoconstrictor responses to A-II were not af- 
fected by the drug. 

Effects unrelated to vascular angiotensin I: Although 
the data suggested that CEIs may antagonize the vascu- 
lar renin-angiotensin system locally, interference of these 
drugs with vascular CE may not only lead to reduced 
vascular A-II synthesis, but may also have an impact on 
other local peptide systems, such as kinins, and may alter 
vascular texture by mechanisms unrelated to CE inhibi- 
tion. For example, Scherf et al®> reported a stimulation of 
prostacyclin synthesis in isolated aortic preparations from 
rats treated orally with the CEI ramipril, ex vivo, and in 
aortic tissue exposed to ramiprilat, in vitro. Because apro- 
tinin, a kallikrein inhibitor, attenuated the effect of rami- 
prilat, the increase in prostacyclin production was inter- 
preted to be due to a CE]-induced accumulation of vascu- 
lar kinins. However, Oshima et alf observed a decrease 
in aortic prolylhydroxylase, the rate-limiting enzyme of 
collagen synthesis, after prolonged oral treatment of 
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SHRs with hypotensive doses of captopril. They were 
unable to demonstrate this effect after single oral capto- 
pril administration in SHRs and when aortic tissue from 
untreated normotensive rats was exposed to captopril in 
vitro; therefore, they concluded that a reduction in prolyl- 
hydroxylase may be ascribed to the hypotensive rather 
than to direct vascular action of the CEI. 

Effects on vascular hypertrophy: In previous mor- 
phometric experiments designed to investigate the effects 
of antihypertensive treatment on vascular hypertrophy, 
the present investigators observed that normotensive 6- 
month-old stroke-prone renal hypertensive rats, whose 
mothers had been treated with an antihypertensive dose 
of captopril during pregnancy and who had continued to 
receive captopril until they were killed, exhibited no signs 
of media hypertrophy to the renal arteries, their branches 
and resistance vessels (Table I).8’ As in the study by 
Oshima et al®*° the lack of development of vascular hyper- 
trophy may be explained hemodynamically, i.e., by the 
failure of these rats to develop hypertension. It is also 
possible that captopril exerted some direct action on the 
vascular texture. Thus, further experiments are needed to 
demonstrate whether chronic CEI treatment alters vas- 
cular texture independent of hemodynamic changes and 
whether this alteration is due to CE inhibition, e.g., sup- 
pressed proliferative actions of A-II, or to a nonspecific 
effect of these drugs unrelated to CE inhibition. 


CONCLUSION 

In conclusion, there is increasing experimental evi- 
dence that the mechanism of action of CEIs involves not 
only an inhibition of the plasma renin-angiotensin sys- 
tem, but also a local inhibition of CE in various tissues 
including the heart and the vascular wall. Future research 
will have to elucidate to which degree a local accumula- 
tion of kinins is also involved in the actions of these drugs 
in addition to reduced local A-II formation. Futhermore, 
the relative contribution of tissue CE inhibition to the 
beneficial effects of the CEI in the clinical treatment of 
various cardiovascular disorders needs to be determined. 
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Issues Surrounding a Local Cardiac Renin 
System and the Beneficial Actions of 
Angiotensin-Converting Enzyme Inhibitors in 
Ischemic Myocardium 


Charles S. Sweet, PhD 


Several experimental in vitro and in vivo studies 
have shown that structurally diverse converting en- 
zyme inhibitors improve contractile dysfunction, as 
well as reduce arrhythmia production and acute 
mortality after occlusion of the coronary artery. 
Biochemical data have demonstrated that some in- 
hibitors of converting enzyme bind better to cardiac 
angiotensin-converting enzyme (ACE) than others; 
however, there has not been any demonstrated cor- 
relation between inhibition of the enzyme and im- 
provement in cardiac physiology in the acutely dys- 
functioning stunned myocardium. It is assumed that 
ACE inhibitors reduce tissue generation of angio- 
tensin ll; however, this relationship as well as pep- 
tide levels in coronary venous effluent need to be 
specifically measured. The multiple substrates of 
ACE necessitate further work to explore the role of 
bradykinin and prostacyclin, which have been im- 
plicated by some workers as contributing to the 
beneficial action of ACE inhibitors. A new question 
is whether sulfhydryl-containing ACE inhibitors are 
scavengers of toxic free radicals. Captopril, e.g., 
has been shown to be a free radical scavenger in 
superoxide-generating systems. Further work is re- 
quired; however, as one report has recently shown, 
captopril does not directly scavenge superoxide but 
acts indirectly as an antioxidant or by altering the 
concentration of cytochrome c. 

(Am J Cardiol 1990;65:11 I-13 I) 
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myocardial damage associated with occlusion and 

reperfusion of the coronary artery are of interest. 
Over the last several years it has become clear that, under 
appropriate experimental conditions of myocardial isch- 
emia, angiotensin-converting enzyme (ACE) inhibitors 
can ameliorate malignant arrhythmias, improve contrac- 
tile dysfunction and limit infarct size. To explain the 
mechanism of action of these drugs in ischemic injury, it 
may be necessary to invoke 2 controversial theories: the 
tissue renin-angiotensin system and the oxygen-derived 
free radical hypothesis. Issues in this area of research are 
(1) the physiologic importance of the cardiac renin sys- 
tem, i.e., whether angiotensin II plays a deleterious role in 
the extension of ischemic injury; (2) whether converting 
enzyme inhibitors, in therapeutically meaningful concen- 
trations, can limit the cardiac generation of angiotensin 
II, improve contractile function and arrhythmia produc- 
tion; and (3) whether ACE inhibitors can limit the pro- 
duction of sequester toxic free radicals. The purpose of 
this review is to briefly analyze the experimental evidence 
that ACE inhibitors can limit ischemic injury in vitro and 
in vivo. 


P harmacologic approaches that alter the course of 


CARDIAC PHARMACOLOGY 
OF ANGIOTENSIN 

Angiotensin II has been evaluated extensively as a 
peripheral vasoconstrictor and mediator of aldosterone 
release. Angiotensin’s effect on the heart! and coronary 
circulation’ are not particularly striking at physiologic 
concentrations. Pharmacologic concentrations of angio- 
tensin IT, under some conditions, can increase contractili- 
ty in vitro'*; however, the positive inotropy observed in 
the isolated myocardium is outweighed in the intact heart 
by negative inotropic influences.’ High affinity binding 
sites for angiotensin II in the ventricle have been de- 
scribed by using radioligand binding techniques.° These 
studies and others, suggesting the presence of a local 
renin system in the heart, have renewed the interest in 
cardiac actions of angiotensin II. 


LOCAL CARDIAC RENIN SYSTEM 

The renin-angiotensin system was originally con- 
ceived as a classic endocrine system with the peptide 
angiotensin II being transported to its target sites through 
the blood. The concept of a tissue renin system has gained 
momentum in recent years, in part because of the expres- 
sion of the relevant genetic information for renin and 
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A SYMPOSIUM: THE RENIN-ANGIOTENSIN SYSTEM — TISSUE SPECIFIC ISSUES 


angiotensinogen in the heart.® !° Furthermore, a physio- 
logically active pathway for the in vitro conversion of 
angiotensin I to angiotensin II has been clearly demon- 
strated in experiments in which dose-dependent ACE 
inhibitors suppressed angiotensin II generation in vitro 
using a sensitive radioimmunoassay. |! 

Some studies have estimated the percent inhibition of 
cardiac ACE after oral administration of a number of 
structurally diverse inhibitors of this enzyme.':'> In these 
ex vivo experiments, hearts are removed after oral dosing 
and ACE levels are estimated in homogenates. In inter- 
preting these data, it is important to realize that when 
tissue samples are diluted into the assay incubation mix- 
ture, the degree of inhibition ex vivo will be less than that 
which existed in vivo. Furthermore, a functional conse- 
quence of the inhibition of cardiac ACE has not been 
reported. Cohen and Kurz!’ showed that ACE activity in 
the heart was low relative to the lung and aorta, but that 
both captopril and enalapril produced significant inhibi- 
tion of the enzyme in the hearts of spontaneously hyper- 
tensive rats. In a more extensive study, Cushman et al!? 
found striking differences between ACE inhibitors with 
regard to their ability to inhibit cardiac ACE. For exam- 
ple, enalapril and ramipril, 2 drugs shown to exert cardio- 
protective effects, produced only slight inhibition of car- 
diac ACE which lasted for 1 hour. In the absence of 
functional data, it will not be apparent whether blockade 
of cardiac ACE is a prerequisite for “cardioprotection,” 
or is a general phenomenon of this class of drugs regard- 
less of whether they display a prominent degree of cardiac 
tissue selectivity. 

In summary, the physiologic function of angiotensin 
in the heart can only be speculated at this time. Angioten- 
sin may have a role in the regulation of cardiac contractil- 
ity (because of its positive inotropic effect), may have a 
potential role in the regulation of cellular metabolism 
(assumed because of angiotensin binding sites on mito- 
chondria), and may have mitogenic effects (which could 
be important in ventricular hypertrophy). The participa- 
tion of angiotensin II, either directly or indirectly, in 
myocardial ischemia has received recent attention in sev- 
eral laboratories that have demonstrated a protective ef- 
fect of ACE inhibitors in vitro or ex vivo after occlusion of 
the coronary artery.!!14-17 


IN VITRO EFFECTS OF ANGIOTENSIN- 
CONVERTING ENZYME INHIBITORS 
IN RAT HEARTS 

vanGilst et al!4 demonstrated that a very large dose of 
captopril in vitro (Langendorff isolated heart) protected 
myocardial cells damaged by reperfusion and reduced 
(40%) purine overflow. Importantly, the mechanical 
function impaired by ischemia and reperfusion improved 
with captopril and reperfusion-induced fibrillation less- 
ened in hearts treated with captopril. 

Other structurally diverse ACE inhibitors (rama- 
pril and enalapril) have also been studied in isolated 
hearts.'5-!7 For example, direct evidence for cardiac 
ACE inhibition was provided by Xiang et al! who dem- 
onstrated that converting enzyme activity was markedly 
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reduced after oral treatment with ACE inhibition, per- 
sisting for up to 24 hours after a single dose. Furthermore, 
the effects of stimulation of the sympathetic nerve supply 
were blunted with oral pretreatment with ramapril, sug- 
gesting that local cardiac ACE may be involved in angio- 
tensin-mediated facilitation of neurotransmission. 

As an extension of their earlier work, vanGilst et al!® 
showed that the active inhibitor of HOE-498 (ramipri- 
lat), a nonsulfhydryl ACE inhibitor, reduced the inci- 
dence and duration of ventricular fibrillation caused by 
reperfusion after 15 minutes of local ischemia. Predict- 
ably, the pro-drug enalapril was not active in this model. 
Both captopril and ramiprilat abolished the norepineph- 
rine overflow associated with reperfusion. Because indo- 
methacin abolished the effects of captopril, the ACE 
inhibitors may have reduced catecholamine overflow in- 
directly by a stimulation of prostacyclin synthesis. 

Another beneficial effect of ACE inhibitors is their 
ability to vasodilate the coronary circulation. In one 
study, captopril, zofenoprilat and ramiprilat increased 
coronary blood flow in vitro, but only ramiprilat did so by 
increasing prostacyclin synthesis. It has been suggested 
that this response was mediated by an increase in endoge- 
nous bradykinin.'’ Indomethacin did not block the coro- 
nary vasodilating effects of 2 sulfhydryl-containing inhib- 
itors, although previous work'® has demonstrated that an 
indomethacin-sensitive mechanism was involved in the 
catecholamine overflow response. 

The concentration of ACE inhibitor used in many in 
vitro studies is substantially above that needed to inhibit 
plasma/pulmonary converting enzyme in vitro. The fact 
that it is possible to demonstrate cardiac ACE inhibition 
in tissues that are removed from rats pretreated with oral 
ACE inhibitors suggests that the heart can take up suffi- 
cient drug to inhibit tissue-converting enzyme. However, 
the measurement of tissue drug levels in all of these 
experiments has not been undertaken. 

Taken together, these in vitro and ex vivo studies in 
the ischemic rat heart demonstrate that ACE inhibitors, 
although at often high concentrations, can ameliorate 
cardiac mechanical function, improve coronary blood 
flow, reduce reperfusion arrhythmias, lessen the loss of 
cardiac high energy phosphates, and attenuate the delete- 
rious effects of catecholamines. It is noted that these 
effects do not appear to be limited to a single chemical 
class of compounds. 


IN VIVO EFFECTS OF ANGIOTENSIN- 
CONVERTING ENZYME INHIBITION IN 
MODELS OF OCCLUSION/REPERFUSION 

The potential role of angiotensin II in the myocardial 
stunning and arrhythmia production that accompanies 
reperfusion has become the focus of interest in several 
laboratories using both canine and rat models of ischemia 
and are discussed in the next section. 

Canine models of ischemia: ACE inhibitors have 
been given to dogs before occlusion of the left anterior 
descending artery in an attempt to reduce the severity of 
the ischemic injury during the occlusion period in antici- 
pation that it would reduce the incidence of arrhythmias 





during the subsequent reperfusion period.!*:!9 The vaso- 
dilator drugs felodipine (calcium entry blocker) and ke- 
tanserin (serotonin and a, blocker) were compared with 
captopril and enalapril in one study. All compounds were 
administered so they would reduce mean arterial pressure 
by about 25%. Although all of the compounds reduced 
the incidence of premature ventricular depolarizations 
during the occlusion period, only enalapril significantly 
lowered the incidence of ventricular fibrillation (6 of 9 
dogs fibrillated with placebo; 1 of 9 given enalapril). 
Estimates of myocardial stunning were not reported. 

Using a shorter occlusion period, Westlin and Mul- 
lane!’ found that captopril, but not enalaprilat, alleviated 
the postischemic contractile impairment of the left ventri- 
cle indicating that this response was independent of ACE 
inhibition. Presumably, both compounds worked benefi- 
cially to improve the myocardial oxygen supply/demand 
ratio. When captopril was given immediately before re- 
perfusion, it improved contractile dysfunction to a similar 
extent as when administered before occlusion. This obser- 
vation would indicate that captopril works on a mecha- 
nism (scavenging free radicals?) related to reperfusion as 
opposed to the ischemic event. Westlin and Mullane!’ 
showed in 3 in vitro systems that captopril is a scavenger 
of the superoxide ion. Kukreja et al?° indicated, however, 
that this effect was highly dependent on the concentration 
of cytochrome c. In another in vitro assay (autoxidation 
of epinephrine), the same investigators showed that cap- 
topril may have acted as an antioxidant. 

Interestingly, the incidence of ventricular fibrillation 
in rats occurred in 6 of 16 in the control group, 0 of 13 in 
the captopril group, and in 1 of 11 in the enalaprilat 
group.'* In the Elfellah and Ogilvie study,!8 captopril was 
given intravenously at 0.5 mg/kg as opposed to the higher 
dose (intravenously at 5 mg/kg) used by Westlin and 
Mullane.'’? Dose differences may explain the failure of 
captopril to improve the incidence of ventricular fibrilla- 
tion, or some other protocol difference; e.g., anesthesia 
and duration of occlusion may explain the discrepancy 
and remains to be determined. 

In a protocol that used a 60-minute period of occlusion 
followed by reperfusion, Liu et al?! showed that 6 of 14 
control dogs died after occlusion of the left anterior de- 
scending artery and 4 of the remaining 8 died during 
reperfusion, whereas only 1 of 10 dogs died in the enala- 
pril group (none during reperfusion). Unlike the Westlin 
study,!’ the segmental contraction of the ischemic area 
was improved by enalapril.*! 

Rat models of ischemia: As predicted from in vitro 
effects in rat hearts, ACE inhibitors are beneficial in vivo 
in the rat model of ischemia (total occlusion protocol). 
For example, 3 ACE inhibitors (captopril, enalapril and 
perindopril) at 2 to 3.5 mg/kg reduced blood pressure 
and heart rate when given before occlusion of the coro- 
nary artery. The total duration of ventricular fibrillation 
and overall mortality was reduced by the 3 ACE inhibi- 
tors.?? 

In a global ischemia protocol, enalapril, given twice 
within 24 hours before coronary occlusion (no reperfu- 


sion), reduced both the serum creatine phosphokinase 
levels and the electrocardiographic signs of ischemia, 
compared with control rats treated with vehicle.” Left 
ventricular free wall creatine phosphokinase changes in 
rats treated with enalaprilat have been reported by Hock 
et al.” When measured 48 hours after occlusion, enala- 
prilat significantly blunted the reduction in free wall loss 
of creatine phosphokinase. 
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Myocardial Ischemia, Reperfusion and 
Free Radical Injury 


Benedict R. Lucchesi, PhD, MD 


Reperfusion of coronary arteries to limit myocardi- 
al ischemic injury and extent of myocardial necrosis 
is possible by either the use of fibrinolytic therapy, 
coronary angioplasty or coronary artery bypass 
surgery. The concept that early reperfusion may 
salvage jeopardized myocardium is derived from 
basic experimental studies which purported to 
demonstrate that the ultimate extent of irreversible 
myocardial injury could be reduced by reperfusion 
of the ischemic myocardium within 3 hours from 
the onset of regional myocardial ischemia. It is 
firmly established that salvage of ischemic myocar- 
dium is dependent on early restoration of blood 
flow to the myocardium at risk. Despite dependen- 
cy on reoxygenation for ultimate survival, myocar- 
dial tissue that is reperfused and reoxygenated 
may be subjected to additional injurious insult due 
to reactive metabolites of oxygen. The cytotoxic 
species of oxygen are referred to as “‘oxygen free 
radicals.” Coincident with the influx of inflamma- 
tory cells into the reperfused region is an additional 
loss of otherwise viable myocardial cells. There is 
strong support for the concept that the polymor- 
phonuclear leukocyte is a contributor to the phe- 
nomenon of “‘reperfusion”’ or “reoxygenation” in- 
jury in the blood perfused heart. This discussion fo- 
cuses on the role of the neutrophil as a potential 
contributor to the extension of tissue injury and re- 
views those interventions, which although in the 
experimental stage, offer promise of becoming 
therapeutically important in the future and may 
help elucidate the mechanisms underlying the po- 
tentially deleterious role of the neutrophil in situa- 
tions involving whole blood reperfusion of the isch- 
emic myocardium. 

(Am J Cardiol 1990;65:14 I-23 I) 
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is accompanied by a time-dependent loss of the viabil- 

ity of myocardial cells in the jeopardized region of the 
heart.'! Reperfusion is necessary to initiate and maintain 
those functions responsible for reversal of the changes 
induced by ischemia and for the continued survival of the 
myocardial cells at risk of permanent damage. The devel- 
opment of pharmacologic methods for reperfusion of the 
ischemic heart has reduced mortality and has led to the 
acceptance of thrombolytic therapy as the standard ap- 
proach to the management of patients with an evolving 
acute myocardial infarction.’ 

Reperfusion injury has been recognized as occurring 
in experimental models of myocardial ischemia.’ It has 
been assumed that the observed loss of cell viability asso- 
ciated with the reintroduction of oxygen was solely an 
acceleration of cell death in myocytes that were beyond 
the point of salvage, or had been injured irreversibly. 
Reexamination of this question suggests that reperfusion 
of the previously ischemic heart with oxygenated whole 
blood may be detrimental as well as beneficial to the 
myocyte.* A significant effort has been devoted to gain- 
ing a better understanding of the oxygen paradox’ or the 
phenomenon of reperfusion injury,’* or both, which may 
be more appropriately referred to as reoxygenation injury 
(i.e., an extension in the loss of myocardial cell viability 
beyond that due to the ischemic process itself). A number 
of recent reviews have been devoted to an examination of 
the question of whether reactive species of oxygen, or 
oxygen free radicals, contribute to the development of 
irreversible myocardial cell injury during the period of 
reperfusion.’-'° The purpose of this essay is to focus at- 
tention on the role of the polymorphonuclear leukocyte 
(PMN) as a contributor to the phenomenon of reperfu- 
sion injury and to call attention to factors that modulate 
the inflammatory response to myocardial cell injury. 


I is recognized that prolonged myocardial ischemia 


NEUTROPHIL-DEPENDENT DAMAGE TO THE 
ENDOTHELIUM AND CARDIAC MYOCYTE 

One of the important functions of the PMN is defense 
of the host organism. However, during altered physiolog- 
ic states, the PMN may react in a manner that leads to 
tissue injury. The tissue damage resulting from myocar- 
dial ischemia activates a sequence of events characterized 
as an inflammatory response that occurs independently of 
any improvement in myocardial reoxygenation. The con- 
cept we propose is that the invading leukocytes and ensu- 
ing inflammatory response contributes to the extension of 
myocardial cell injury adding to the irreversible cell inju- 
ry from the ischemia itself. Interventions directed against 
the inflammatory cells and the cytotoxic products pro- 
duced at the site of myocardial injury may result in a 





reduction in the extent of tissue damage associated with 
myocardial ischemia or reperfusion, or both. The circu- 
lating PMN does not interact with the normal endothelial 
surface of the vasculature. However, the PMN can be 
activated in response to stimuli arising from the ischemic 
insult, either from within or outside of the vascular com- 
partment, and can be induced to undergo shape changes 
and ultimately to adhere to the surface of the vascular 
endothelium. !! 

Infiltration of the ischemic myocardium by PMNs 
begins within 60 minutes of the onset of regional myocar- 
dial ischemia and increases progressively after the onset 
of reperfusion.'*~'4 Neutrophils invade the region of isch- 
emic myocardium long before the transmural progression 
of irreversible injury reaches the subepicardial myocardi- 
al region.'> Reperfusion is essential to prevent further 
extension of ischemia-induced myocyte necrosis. In the 
absence of reperfusion, the slowly developing inflamma- 
tory response to tissue injury permits neutrophil-mediat- 
ed injury to progress and requires 12 hours or more to 
become manifest by histologic examination of myocardi- 
al tissues. Factors involved in the initiation and termina- 
tion of the myocardial inflammatory response are not 
understood in detail, but serve as an interesting target for 
the development of new therapeutic interventions to pre- 
vent extension of tissue injury, either during the ischemic 
period or shortly after reperfusion. 

A number of studies’~'® have demonstrated that inter- 
ventions that limit neutrophil function or interfere with 
the cytotoxic factors produced by the infiltrating phago- 
cytic cells can reduce ultimate infarct size in experimen- 
tal animals that have undergone a period of regional 
myocardial ischemia followed by reperfusion. The role of 
the neutrophil as a contributor to myocardial injury in 
response to ischemia was suggested initially in 1975.!’ 
Direct studies have demonstrated that ultimate infarct 
size was reduced by 43% in the canine heart under condi- 
tions of neutropenia, compared with control animals sub- 
jected to 90 minutes of regional myocardial ischemia 
followed by reperfusion for 6 hours.’ This observation 
subsequently was confirmed by other investigators using 
alternative means of inducing neutropenia.° 

Additional support for the concept of neutrophil-me- 
diated myocardial injury is derived from the pharmaco- 
logic modulation of neutrophil function during myocardi- 
al ischemia and reperfusion. Recognition of the mecha- 
nism of protection provided by ibuprofen on experimental 
myocardial injury was an important step in addressing 
the role of the neutrophil in promoting reperfusion injury. 
Ibuprofen, in contrast to other inhibitors of cyclooxygen- 
ase, such as indomethacin and aspirin,'*:!? possess myo- 
cardial protective properties without altering myocardial 
blood flow or the relationship between myocardial oxygen 
supply and demand.”°7! A review of several studies indi- 
cated that of the nonsteroidal anti-inflammatory agents 
examined, only ibuprofen reduced neutrophil infiltration 
to the reperfused myocardium. This observation suggests 
that the PMN contributes to the extension of tissue injury 
on reperfusion>° and is in keeping with the original find- 
ings of Hill and Ward.'’ Neither aspirin nor indometha- 
cin reduced infarct size or the in vitro neutrophil respira- 


tory burst in response to stimulation of the PMN with 
Csa. Ibuprofen, however, prevented the complement in- 
duced activation of the PMN and the production of oxy- 
gen radicals.'” It is possible to conclude that ibuprofen, a 
nonsteroidal anti-inflammatory agent, does not exert its 
protective effect on the myocardium through inhibition of 
the cyclooxygenase pathway of arachidonic acid metabo- 
lism, or by altering factors that restore the balance be- 
tween myocardial oxygen supply and demand. 

Additional evidence for the role of the PMN as a 
mediator of reperfusion injury was obtained from studies 
in which prostacyclin, or a related analog, iloprost, as well 
as prostaglandin E, limited ultimate infarct size in a 
canine model of regional ischemia and reperfusion. The 
mechanism of action was attributed to the ability of the 
prostanoids to inhibit the formation and release of neutro- 
phil-derived cytotoxic metabolites of oxygen.**-*4 Evi- 
dence from a number of studies indicates that the phar- 
macologic inhibition of neutrophil function correlates 
with the observed beneficial effects on myocardial reper- 
fusion injury. 


CHEMOTACTIC FACTORS AND THE 
ACTIVATION AND RECRUITMENT 
OF NEUTROPHILS 

The complement system serves as one of the most 
important sources of inflammatory mediators involved in 
the acute inflammatory response. Complement activation 
generates a potent neutrophil chemotactic factor, Csa. 
This anaphylatoxin has a role in the recruitment of 
PMNs to the site of tissue injury and in their activation. 
Proteolytic enzymes from the plasma and cellular sources 
react with individual complement components resulting 
in the localized formation of inflammatory mediators, 
without causing a generalized activation of the comple- 
ment cascade. The presence of a tissue protease in the 
ischemic myocardium was suggested initially as being 
involved in cleaving the third component of complement 
into chemotactically active fragments that may stimulate 
the attraction of neutrophils to the myocardium.*°:7° Car- 
diac lymphatic drainage from the ischemic myocardium 
contains molecules of mitochondrial and subcellular ori- 
gin that are bound to Clg, which may activate the com- 
plement cascade, promote the release of leukotactic ana- 
phylatoxins, and stimulate the migration of PMNs to 
sites of tissue injury.” Depletion of complement with 
cobra venom factor significantly reduced PMN infiltra- 
tion into ischemic myocardium and resulted in a decrease 
in tissue injury associated with regional ischemia and 
reperfusion.?5?8 Complement-derived products can exac- 
erbate ischemic tissue injury and cardiac dysfunction 
through mechanisms that are independent of the pres- 
ence of neutrophils. Neutrophil-independent injury by 
complement may be associated with the vascular actions 
of the C3,, C4, and Cs,, known to enhance vascular per- 
meability and alter vessel tone. Furthermore, tissue inju- 
ry may be a consequence of the formation of cytolytic 
membrane attack complex (Csp.9), which can result in 
the production of transmembrane channels and facilitate 
the influx of extracellular calcium and disruption of myo- 
cyte function.*? 
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FIGURE 1. Representation of the leukocyte-endothelial cell interaction in response to injury. Endothelial injury secondary to 
ischemia and reoxygenation promotes neutrophil adherence to the cell surface. Endothelial cell surface molecules interact with 
neutrophil CD18 glycoprotein adhesion-promoting receptor. C3); derived from the activation of the complement system in re- 
sponse to injury serves to “‘opsonize’’ the endothelial cell and is the ligand for Mol expressed on the surface of the neutrophil. 
Expression of the neutrophil CD11b/CD18 heterodimeric complex (Mo1) on the plasma membrane of the neutrophil is a re- 
sponse to inflammatory stimuli (C;,, leukotrienes, thromboxane, etc.). Neutrophil CD18 molecules can interact with intracellular 
adhesion molecule-1 (ICAM-1) on the endothelial cell membrane thereby serving as an alternate mechanism for the attachment 
of inflammatory cells to a target tissue. ICAM-1 and ELAM-1 (endothelial leukocyte adhesion molecule) are expressed in re- 
sponse to a variety of cytokines acting on the endothelial cell. In addition, the cytokines, interleukin-1 (IL-1), tumor necrosis fac- 
tor (TNF) and interferon y (IFN y) will induce synthesis and secretion of a neutrophil chemotactic factor by endothelial cells, thus 
permitting the endothelium to participate actively in the recruitment and attachment of inflammatory cell mediators to the tissue 
that has been “targeted” as a result of injury. Whether the sequence of events described occurs in the heart that has been sub- 
jected to ischemia and reperfusion remains a topic of further study. 


Endothelial cells may be an important source of a 
specific neutrophil chemotactic factor.*° Either interleu- 
kin-1 (IL-1) or tumor necrosis factor a (TNF-a) will 
induce, in endothelial cells, the synthesis and secretion of 
a neutrophil chemotactic factor similar in structure to a 
human monocyte-derived neutrophil-activating factor. 
Neutrophil-activating factor will promote neutrophil che- 
motaxis and, in addition, will induce an increase in intra- 
cellular calcium, an oxidative burst, and granule exocyto- 
sis through a guanosine triphosphate-binding protein- 
dependent pathway. Similar responses are observed with 
other chemotactic peptides (e.g., Csa, formyl-methionyl- 
leucyl-phenylalanine).*! The role that endothelial cell- 
derived mediators may play in activating neutrophils af- 
ter ischemic injury has not been investigated. These rela- 
tionships are important in determining the mechanisms 
that initiate the activation of circulating neutrophils and 
promote their adherence to the injured vascular wall. 


ADHERENCE-PROMOTING CELL SURFACE 

GLYCOPROTEIN COMPLEXES AND 

THE INTERACTION BETWEEN THE 

GRANULOCYTES AND ENDOTHELIAL CELLS 
Granulocytes migrate across the vascular endotheli- 

um into the extravascular space in response to tissue 


161I THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


injury. Initially, the inflammatory cells adhere to the 
vascular endothelial cell. A family of heterodimeric gly- 
coproteins, possessing a common ĝ subunit of 95 kDa 
(CD18) associated noncovalently with separate a sub- 
units of 177, 165 and 150 kDa, are present on the neutro- 
phil. The neutrophil surface glycoproteins are designated 
as lymphocyte function-associated antigen-1 (LFA-1) 
(CD1la), Mol or Mac-1 (CD11b) and gp150,95 
(CD11c), respectively. The Mol glycoprotein hetero- 
dimer is involved in the process of cellular adhesion and 
serves as the receptor for C3bi opsonized particles. 
Distinct stimuli mobilize Mol from intracellular sites 
and lead to its expression on the cell surface. Mol partici- 
pates in adherence of the leukocyte to the endothelial cell 
and to other PMNs, as well as in chemotaxis and spread- 
ing on cell surfaces. An increase up to twofold in Mol 
cell-surface expression has been observed. At least 50% of 
the total population of Mol receptors is located intracel- 
lularly. The increased expression of Mol increases neu- 
trophil adherence to cell surfaces and facilitates chemo- 
taxis. The increase in Mol glycoprotein expression is 
coupled to the release of neutrophil gelatinase which par- 
ticipates in the degradation of connective tissue, thus 
allowing for the passage of neutrophils through capillary 
walls and into the extravascular space. The up-regulation 













































of Mol, for which C3bi serves as the ligand, would allow 
for enhanced recognition and attachment to endothelial 
surfaces that have been “opsonized.” Injury to the endo- 
thelium from ischemia and reoxygenation promotes neu- 
trophil adherence to the cell surface. There is enhanced 
binding of neutrophils to endothelial surfaces secondary 
to the interaction of neutrophil CD18 molecules with the 
intercellular adhesion molecule-1 (ICAM-1) on the en- 
dothelial cell membrane.?* Enhanced ICAM-1 expres- 
sion on the endothelial cell surface can be induced by 
multiple inflammatory mediators including bacterial en- 
dotoxin and the cytokines IL-1, interferon-y, and TNF- 
œ. A distinct endothelial leukocyte adhesion molecule 
(ELAM-1) that promotes neutrophil binding to the endo- 
thelium can be induced by specific cytokines.** Whether 
a similar increase in the expression of ELAM-1, ICAM-1 
or ICAM-1-like molecules occurs in ischemic endotheli- 
um is not known, but may play an important role in 
leukocyte localization to ischemic myocardium (Fig. 1). 

It has been observed that specific cytokines will induce 
synthesis and secretion of a neutrophil chemotactic factor 
by endothelial cells. This observation and studies cited 
provide further evidence for an active role of the endothe- 
lial cell in modulating neutrophil activation and recruit- 
ment to ischemic tissues, rather than a “passive” partici- 
pant in the interaction of inflammatory cells with the 
vascular wall. The interaction between endothelial cells 
and PMNs is required for an effective chemotactic re- 
sponse and for some forms of neutrophil-mediated vascu- 
lar injury. This represents an important initial step in the 
sequence of events associated with the acute inflamma- 
tory response. A variety of agonists involved in acute 
inflammation, including thrombin, platelet-activating 
factor and leukotriene C4, are known to facilitate the 
adherence of neutrophils to the endothelial surface. 

The neutrophil CD18 glycoprotein molecules may 
participate in other functions beside cell adhesion and 
chemotaxis. The glycoproteins may be important in the 
transduction of signals from the cell surface to intracellu- 
lar enzymatic regulatory systems as suggested by the 
presence of an extensive intracellular domain providing 
sites for interaction with cytoplasmic proteins and cyto- 
skeletal elements. 

Monoclonal antibodies, specific for either the a or 8 
subunits of Mol, inhibit certain neutrophil/monocyte 
functions, such as the binding of C3bi-opsonized parti- 
cles, and adhesive interactions of neutrophils and mono- 
cytes, including neutrophil aggregation, monocyte/neu- 
trophil adhesion and spreading on substrates (including 
vascular endothelium), and chemotaxis. The leukocytes 
of patients who are genetically deficient in their expres- 
sion of the Mol glycoprotein exhibit an impairment of 
C3bi-particle binding and leukocyte adhesive interac- 
tions. The Mol glycoprotein has a domain that functions 
as the plasma membrane receptor for C3bi(CR3). The 
critical role of neutrophil glycoprotein adhesive receptors 
Mol in the inflammatory response of activated neutro- 
phils is illustrated by the inhibitory effect of specific mon- 
oclonal antibodies on neutrophil-mediated endothelial 
cell injury in a rat lung model of adult respiratory distress 


syndrome*> and neutrophil-dependent vascular injury in 
skin.*6 

A monoclonal antibody (904) that binds to the Mol 
leukocyte cell adhesion-promoting glycoprotein CD11b/ 
CD18 was administered to open-chest anesthetized dogs 
45 minutes after the induction of regional myocardial 
ischemia. Ischemia was produced by occluding the left 
circumflex coronary artery for 90 minutes followed by 
reperfusion for 6 hours. There was no difference between 
control and antibody-treated groups with respect to arte- 
rial blood pressure, heart rate or coronary blood flow. 
Administration of antibody produced no observable ef- 
fect on circulating neutrophil counts demonstrating that 
antibody-bound neutrophils were not cleared from the 
circulation. Myocardial infarct size, expressed as a per- 
centage of the area at risk of infarction, was reduced by 
46% with anti-Mol treatment. The area at risk of infarc- 
tion was similar between groups. Accumulation of neu- 
trophils within the myocardium was reduced significantly 
with anti-Mol treatment.?’3° Similar protective effects 
were obtained in subsequent studies with anti-Mol 
F(ab’)2 fragments in which antibody treatment was 
maintained for 48 hours into the reperfusion period and 
infarct size was determined at 72 hours after reperfusion. 
Figure 2 summarizes the results from studies in which 
treatment with anti-Mol antibody was associated with a 
significant protective effect regardless of whether infarct 
size was determined after 6 or 72 hours of reperfusion. 
Furthermore, regional myocardial blood flow determina- 
tions indicated that both groups had equal degrees of 
ischemia in the inner two-thirds of the myocardium dur- 
ing the period of coronary artery occlusion. Results with 
the anti-Mol antibody indicated that the adhesive inter- 
actions of the neutrophil played a central role in neutro- 
phil-mediated damage and that inhibition of neutrophil 
adhesive interactions can reduce the extent of irreversible 
myocardial damage associated with reperfusion. The re- 
sults are in accord with earlier studies in which myocardi- 
al reperfusion injury was reduced by a variety of interven- 
tions that shared one common property; i.e., they altered 
the ability of the neutrophil to react with its target tissue, 
the ischemically altered myocardial cell.?439-41 

The relative contribution of Mol, LFA-1 and p150,95 
to leukocyte endothelial adhesion is dependent on the 
applied stimulus and the particular inflammatory cell 
involved. Monocytes and granulocytes employ distinct 
subunits of the adhesion-promoting glycoproteins when 
they interact with the vascular endothelium. Mol, as well 
as LFA-1 and p150,95, molecules have been shown to be 
involved in leukocyte-endothelial cell adhesion. The ad- 
hesion may be prevented by antibodies directed against 
the specific portion of the heterodimeric surface mole- 
cules.4* Granulocyte adhesion to endothelial cells, by 
means of the CD11/CD18 subunits, varies according to 
the activation state of the granulocyte and endothelial 
cell. It is reported that granulocyte adhesion, promoted 
by activation of the inflammatory cells with PMA, was 
mediated primarily by Mol and that the adhesion was 
not inhibited by antibodies directed against LFA-1 or 
p150,95. Exposure of endothelial cells to recombinant 
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FIGURE 2. Myocardial infarct size in the canine heart expressed as a percentage of the risk region determined in 2 studies, 
each incorporating a control group and a group of animals treated with a murine monoclonal anti-Mo1 antibody. The graph on 
the left represents the results from a study in which coronary artery occlusion was maintained for 90 minutes followed by reper- 
fusion for 6 hours, after which infarct size was determined. The treatment consisted of the administration of 1 mg/kg, intrave- 
nously, of Mol antibody given over 10 minutes, starting 45 minutes after occlusion of the left circumflex coronary artery. Inhibi- 
tion of the Mol receptor by the anti-Mo1 antibody treatment resulted in a 46% reduction in myocardial infarct size compared 
with a placebo-treated group. To determine if the findings of the 6-hour study represented delay of infarction as opposed to pre- 
vention of irreversible injury, a second study was performed in which infarct size was determined 72 hours after reperfusion. 
The graph on the right represents data obtained in a study in which the F(ab’2) fragment of the Mol antibody was used in a 
dosing regimen of 1 mg/kg over 5 minutes, starting 45 minutes after coronary artery occlusion with repeated 0.5 mg/kg doses 
at 12, 24, 36 and 48 hours after reperfusion. Due to the relatively short half-life of the F(ab’2) fragment, repeated doses were 
necessary to modulate neutrophil function throughout the first 48 hours of the reperfusion period. Infarct size was determined 
24 hours after the last dose of the Mol antibody (72 hours after reperfusion). Despite the withdrawal of the antibody treatment, 
infarct size was reduced when determined at 72 hours after reperfusion. The data suggested that a sustained reduction in in- 
farct size can be achieved by the modulation of neutrophil reactivity. 


IL-1 permitted each of the subunits to contribute to gran- 
ulocyte adhesion.** Current data suggest that the a sub- 
unit of each of the 3 heterodimers contains a common 
region in the extracytoplasmic domain which mediates 
the interaction of the leukocyte with the endothelial cell 
or with the subendothelial structures during transmigra- 
tion of leukocytes to regions of tissue injury and inflam- 
mation.*? 

The data demonstrate that inhibition of neutrophil 
adhesion reduced the extent of myocardial reperfusion 
injury and are in keeping with the proposition that neu- 
trophils serve an important role as mediators of inflam- 
mation, extending myocardial injury beyond that caused 
by the ischemic process itself. The data also support the 
hypothesis that a significant number of myocardial cells 
at risk are viable after a 90-minute ischemic period, but 
then progress to an irreversible state of injury on reperfu- 
sion with the continued accumulation of PMNs. Studies 
from this laboratory** have identified a specific “time 
window” in which neutrophils participate in the extension 
of myocardial infarction after ischemia and reperfusion. 
The inhibition of neutrophil activation and accumulation 
in the myocardium over a prolonged period of time (>48 
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hours) is necessary to ensure a beneficial effect on the 
ultimate extension of irreversible myocardial injury. In- 
terventions that have limited pharmacologic half-lives, 
while effective over brief periods of observation, may not 
show protective benefits if given in a single initial dose 
when infarct size is assessed at a period far removed from 
the point of administration of the treatment under study. 
Consideration must be given to the pharmacokinetic 
properties of selected interventions along with the dy- 
namic and progressive nature of myocyte injury. The 
failure to consider the time course of events in myocardial 
ischemic and reperfusion injury may account for the dis- 
cordant results in published reports. To date, published 
reports have failed to document a consistent progression 
of cellular injury attributable to the period of reperfusion 
and distinct from the progressive cell death entirely at- 
tributable to the period of ischemia. 


NEUTROPHILS, OXYGEN RADICALS, 
MYOCARDIAL INJURY AND PROTECTION 
BY FREE RADICAL SCAVENGERS 

Under some conditions of regional myocardial isch- 
emia and reperfusion, neutrophils adhere to the vessel 





wall at sites of inflammation and release toxic products 
capable of damaging the adjacent endothelium and myo- 
cytes within the reperfused region. It is recognized that 
neutrophils can release cytotoxic products extracellularly 
without undergoing destruction themselves. Neutrophils 
can release a variety of mediators capable of promoting 
tissue injury, including proteolytic enzymes, platelet-acti- 
vating factor, arachidonic acid metabolites and activated 
species of oxygen. The last mentioned group of neutro- 
phil-derived products, superoxide anion (O-2), hydrogen 
peroxide (H202), hydroxyl anion (OH) and hypochlo- 
rous anion (OCI-) are significant cytotoxic products 
derived from the metabolism of molecular oxygen on 
perturbation of the PMN. The generation of cytotoxic 
metabolites of oxygen, generated within the microenvi- 
ronment formed between the adherent activated PMNs 
and altered endothelial cells, leads to an increase in vascu- 
lar permeability and myocyte damage. This situation is 
“explosive” on reperfusion as neutrophils are directed and 
attracted to the reperfused region under the influence of 
the local accumulation of chemoattractants. During an 
extended period of regional ischemia of 240 minutes,'4 
the stage is set for the neutrophil-mediated inflammatory 
response and injury that involves normal or reversibly 
injured cells and is accelerated by reperfusion of the isch- 
emic region. Reperfusion injury, therefore, involves cells 
that were viable or recoverable up until the time that 
reperfusion was instituted. The extension of cell death, on 
reperfusion of the ischemic myocardium, is mediated by 
the neutrophil-derived cytotoxic products of oxygen me- 
tabolism. In the absence of reperfusion, all cells that are 
ischemic for a sufficiently long period will undergo irre- 
versible changes, and reperfusion is essential for survival 
of the myocytes that are viable up until the time of reper- 
fusion. However, a portion of the still viable myocardial 
cells will undergo further injury due to the cytotoxic 
actions of the reactive species of oxygen. 

Jolly et al** were the first to provide evidence for the in 
vivo participation of oxygen radicals in myocardial reper- 
fusion injury. They demonstrated that the administration 
of superoxide dismutase (SOD) plus catalase to anesthe- 
tized dogs, subjected to a 90-minute interval of regional 
myocardial ischemia followed by reperfusion, reduced 
ultimate infarct size when the scavenger enzymes were 
administered either before the induction of regional myo- 
cardial ischemia or 15 minutes before myocardial reper- 
fusion. However, the enzymes were without beneficial 
effect if they were infused 40 minutes after reperfusion 
had been instituted. The data suggested that an extension 
of myocardial injury, in addition to that associated with 
the ischemia-induced myocardial cell death, occurred 
very early in reperfusion, and myocyte damage was atten- 
uated by pretreatment with appropriate antioxidants. 
Subsequent studies have demonstrated that SOD, with- 
out the addition of catalase, was equally effective in pre- 
venting the extension of myocardial injury, thereby impli- 
cating superoxide anion as the primary mediator of the 
myocardial damage associated with reperfusion. The rel- 
atively short pharmacologic half-life (6 to 10 minutes) of 
SOD is a drawback to the study of the scavenger in 
experimental protocols that are extended several days 


after reperfusion. Neutrophil chemoattraction to the is- 
chemically injured myocardium and the local formation 
of neutrophil-derived reactive species of oxygen will con- 
tinue to effect a cytotoxic influence on the viable myocar- 
dial cells in the reperfused tissue. The free radical-in- 
duced injury is initiated on reperfusion and continues 
until mechanisms, still to be elucidated, bring about a 
cessation of the inflammatory response. 

Disagreement regarding the cardioprotective role of 
SOD may relate to the use of different durations for 
induction of ischemic injury and reperfusion. To investi- 
gate this concept we undertook studies that used a modi- 
fied form of SOD in which the enzyme was conjugated to 
polyethylene glycol (PEG-SOD).** The conjugated form 
of SOD has a pharmacologic half-life of 30 hours. Signif- 
icant plasma SOD activity was demonstrated in the dog 
up to 7 days after a single intravenous administration of 
1,000 U/kg of PEG-SOD. Two protocols, differing in the 
mode of administration and duration of the reperfusion 
interval, were used. Dogs were subjected to occlusion of 
the circumflex coronary artery for 90 minutes, then re- 
perfused for either 6 hours (protocol A) or for 4 days 
(protocol B). The dogs received either PEG conjugated to 
albumin (PEG-ALB) or PEG-SOD, 1,000 U/kg. In pro- 
tocol A, treatment was administered starting 15 minutes 
before coronary artery occlusion and continued for 2 
hours, terminating 15 minutes after reperfusion. Infarct 
size was determined 6 hours later. In protocol B, the 
conjugated proteins were given 15 minutes before reper- 
fusion and ended simultaneously with reperfusion. In- 
farct size was measured after 4 days. A significant reduc- 
tion in myocardial infarct size, expressed as a percent of 
the area at risk, was observed in protocol A in the group of 
dogs that received PEG-SOD compared with the PEG- 
ALB-treated controls. Likewise, in the extended proto- 
col, in which infarct size was determined 4 days after 
reperfusion, the PEG-SOD-treated group had a signifi- 
cant reduction in ultimate infarct size (Fig. 3). Hemody- 
namic variables did not differ during the period of coro- 
nary artery occlusion. The respective collateral blood 
flows to the inner two-thirds of ischemic myocardium, 
determined 60 minutes after occlusion, did not differ 
between the groups. Infarct size was inversely related to 
collateral blood flow in the PEG-ALB-treated group. 
The regression line describing the relationship between 
the extent of irreversible myocardial injury and collateral 
blood flow was shifted downward (analysis of covariance, 
p = 0.01) in the group of dogs treated with PEG-SOD. 
With use of the mean collateral blood flow to the inner 
two-thirds of the ischemic myocardium as a covariate, 
infarct size, expressed as a percentage of the area at risk, 
was smaller for the PEG-SOD-treated group than for the 
PEG-ALB-treated group (p <0.05). The data demon- 
strated that PEG-SOD achieved a reduction in ultimate 
infarct size when quantitation of myocardial injury was 
performed after 4 days of reperfusion, a time when the 
plasma SOD activity was maintained well above that 
found in the PEG-ALB control group. These data are 
consistent with studies cited which demonstrated the ne- 
cessity to suppress neutrophil function up to 48 hours to 
effect and maintain a reduction in infarct size determined 


THE AMERICAN JOURNAL OF CARDIOLOGY MAY 22,1990 19I 





A SYMPOSIUM: THE RENIN-ANGIOTENSIN SYSTEM — TISSUE SPECIFIC ISSUES 


SUSTAINED PROTECTIVE EFFECT OF PEG-SOD 
ON MYOCARDIAL INFARCT SIZE 


6 Hours 
Reperfusion 


Infarct Size as Percent 
of Risk Region 


PEG-ALB 
(6hr) 


PEG-SOD 
(6hr) 


4 Days 
Reperfusion 


Infarct Size as Percent 
of Risk Region 


PEG-SOD 
(4days) 


PEG-ALB 
(4days) 


FIGURE 3. The effect of polyethylene-glycol conjugated superoxide dismutase (PEG-SOD) on myocardial infarct size due to a 
90-minute occlusion and subsequent reperfusion of the left circumflex coronary artery in the canine heart. A single dose of PEG- 
SOD of 1,000 U/kg was administered before reperfusion in each of the 2 studies. The control groups received PEG conjugated 
to albumin (PEG-ALB) so that the administered amount of PEG and conjugated protein was comparable in all dogs. Infarct size 
in the 2 groups of dogs, depicted on the left, was determined after 6 hours of reperfusion. The 2 groups of dogs shown on the 
right had infarct measurements obtained 4 days after reperfusion. The data illustrated that the PEG-SOD with a 30-hour plas- 
ma half-life is able to provide sustained protection against the cytotoxic effects of superoxide anion derived in part from the infil- 


tration of inflammatory cells into the reperfused myocardium. 


at 72 hours.*? These observations support the hypothesis 
that a critical “time window” exists during which anti- 
neutrophil or antioxidant therapy, or both, must be main- 
tained to effect a reduction in the ultimate extent of the 
infarcted myocardium after periods of ischemia and re- 
perfusion. PEG-SOD may have efficacy over that of the 
native enzyme because of its continued presence in the 
circulation and its ability to adhere to the surface of the 
vascular endothelium. PEG conjugation of SOD en- 
hances cell association and uptake of the enzyme in a 
manner that renders the vascular endothelium more oxi- 
dant resistant. 

The vulnerability of the endothelium to injury from 
reactive species of oxygen may be related to a number of 
factors, which include anatomic proximity to activated 
and invading inflammatory cells and localization of xan- 
thine oxidase activity within endothelial cells. Vascular 
endothelial cells subjected to an ischemic equivalent of 
anoxic incubation followed by reoxygenation become ef- 
fective generators of oxygen free radicals as determined 
by electron paramagnetic resonance measurements with 
a spin trap agent, 5,5-dimethyl-1-1-pyrroline-1-oxide.* 
SOD or catalase abolished the radical signal, suggesting 
that oxygen is sequentially reduced from O; to H20; to 
-OH. Attenuation of the free radical signal by oxypurinol 
suggested that xanthine oxidase was a major source of the 
superoxide anion. It is conceivable that on reperfusion of 
the ischemic myocardium, the endothelial cells, as well as 
the adherent and infiltrating neutrophils, may provide the 
initial source of cytotoxic species of reduced oxygen and 
that the subsequent inflammatory process, involving the 
continued migration and accumulation of PMNs to the 
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injured myocardium, provides a sustained source of oxy- 
gen radicals that diminish with time as reparative pro- 
cesses occur. 

Interpretation of data based on inhibition of free radi- 
cal production by pharmacologic inhibition of xanthine 
oxidase are cautioned. Recent data suggest that the rate 
of conversion of the dehydrogenase form of the enzyme to 
the oxidase form, in the rat heart, is too slow to account 
for the observed results.*’ It has been reported that allo- 
purinol scavenges -OH at rates comparable to those of 
mannitol.** Oxypurinol, the active metabolite of allopuri- 
nol, is more effective as a scavenger of OH. Time-depen- 
dent formation of the active metabolite in animals pre- 
treated with allopurinol may explain the failure of some 
investigators? to observe a protection of the ischemic 
myocardium when the drug was evaluated acutely, as 
opposed to studies in which a pretreatment regimen was 
used permitting accumulation of the metabolite, oxypur- 
inol, in which a reduction in ultimate infarct size was 
reported.°°?'! Furthermore, oxypurinol combines with the 
myeloperoxidase-derived oxidant, hypochlorous acid, 
preventing the latter from inactivating a;-protease inhibi- 
tor and thereby protecting inflamed tissues from the 
damaging effects of elastase.* 


OTHER FREE RADICAL SCAVENGERS 
IN THE PREVENTION OF MYOCARDIAL 
REPERFUSION INJURY 

Previous studies have shown that sulfhydryl-contain- 
ing compounds, including mercaptoproprioyl glycine 
(MPG), are capable of reacting with free radicals and 
inhibiting their biologic effects.°2>3 Mitsos et al*4 report- 





ed the in vitro free radical-scavenging effects of MPG, as 
well as its potential to reduce myocardial infarct size in 
the canine heart subjected to 90 minutes of regional isch- 
emia followed by 6 hours of reperfusion. The free radical 
scavenger was effective when administered intravenously 
just before the onset of reperfusion, suggesting that the 
sulfhydryl compound protects against that component of 
myocyte injury associated with reperfusion. Related ob- 
servations regarding the cardioprotective effects of MPG 
have been provided by other investigators who have ex- 
amined the phenomenon of myocardial stunning. It was 
noted that SOD, as well as MPG, were equally effective 
in restoring regional contractile function to the heart 
made ischemic for a brief period (15 minutes) followed by 
reperfusion.»-°® The administration of the scavengers 
was effective when given before the onset of ischemia or 
immediately before reperfusion. If administration was 
delayed after the start of reperfusion, no benefit was 
demonstrated. These findings are reminiscent of the ini- 
tial studies with SOD? in which salvage of myocardial 
tissue was accomplished only if the scavenger had been 
given before the onset of reperfusion. 

The recognition that sulfhydryl-containing com- 
pounds could scavenge oxygen free radicals and provide a 
degree of protection against myocardial reperfusion inju- 
ry and myocardial stunning led Westlin and Mullane?’ to 
explore the cardioprotective actions of other sulfhydryl- 
containing compounds. Several angiotensin-converting 
enzyme (ACE) inhibitors were examined for their ability 
to suppress superoxide anion formation in vitro and to 
improve postischemic cardiac function in vivo in a canine 
model of regional myocardial ischemia and reperfusion. 
Three sulfhydryl-containing ACE inhibitors, captopril, 
its stereoisomer SQ 14,534, and an analog, zofenopril 
(SQ 27,703) were compared with enalaprilat and tepro- 
tide. The latter 2 agents lack the sulfhydryl group, but 
inhibit ACE. Two additional sulfhydryl-containing com- 
pounds, MPG and N-acetylcysteine (NAC), which are 
not ACE inhibitors, were studied for suppression of free 
radical formation in vitro. The autooxidation of epineph- 
rine to adrenochrome is mediated by superoxide anions 
and was inhibited by captopril, SQ 14,534, and zofeno- 
pril, with similar ICsọ values of 8 to 10 uM, but not 
enalaprilat or teprotide (ICs greater than 1,000 uM). 
The autooxidation reaction is inhibited as well by MPG 
and NAC. Captopril, MPG or NAC, but not teprotide or 
enalaprilat, were shown to scavenge superoxide anion 
production by the purine-xanthine oxidase reaction and 
by canine-activated neutrophils. Therefore, captopril 
scavenges superoxide anions in vitro independent of an 
action on ACE; an action that is most likely related to the 
presence of a sulfhydryl moiety. Pretreatment of dogs 
with captopril, intravenously (5 mg/kg), before occlusion 
of the coronary artery for 15 minutes followed by reperfu- 
sion resulted in a 40 to 60% return to active shortening 
within 60 minutes of reperfusion. However, equihypoten- 
sive doses of enalaprilat did not improve segmental func- 
tion during reperfusion. Dogs given captopril immediate- 
ly before restoring coronary blood flow had a similar 
return of function as that observed in dogs treated with 
the drug before occlusion. SQ 14,534, the isomer of cap- 


topril, which is 100-fold less potent as an ACE inhibitor, 
but equipotent in scavenging superoxide anions, also im- 
proved reperfusion-induced cardiac dysfunction when ad- 
ministered at reperfusion (5 mg/kg). Captopril improved 
postischemic contractile derangements by a mechanism 
independent of ACE inhibition. Restoration of blood sup- 
ply to the ischemic myocardium provoked ventricular 
fibrillation in 37.5% of control dogs, but in only 9% of 
those administered enalaprilat and 0% of captopril-treat- 
ed dogs. SQ 14,534 did not reduce the incidence of ven- 
tricular fibrillation (40%), indicating that the antifibrilla- 
tory actions may be related to ACE inhibition, or to a 
direct effect of the free radical scavenger on the integrity 
of the coronary vascular endothelium and the preserva- 
tion of regional coronary artery blood flow. 


CONCLUSIONS 

Regardless of the cellular site of generation (endothe- 
lial cell, neutrophil or other cellular loci), the role of 
reactive species of oxygen in mediating cellular injury 
associated with reperfusion has gained wide support 
through a number of studies that have been reviewed 
recently.°°-°! These studies have not always been in 
agreement with the concept that reperfusion of the isch- 
emic myocardium may result in an extension of injury 
beyond that which has resulted from the ischemic insult 
itself. We have concluded that the failure to obtain agree- 
ment among laboratories is related to differences in the 
models used with respect to the instrumentation of the 
heart in chronic animal studies, the duration of occlusion 
(40 vs 90 minutes), and the duration of reperfusion (6 
hours vs 4 days). The pharmacokinetic properties of 
interventions used to modify the extent of reperfusion 
injury must be given special consideration because the 
neutrophil-mediated component of reperfusion injury 
may be operative for several days. Studies reporting 
negative effects with native SOD may be related to the 
short half-life of its free radical-scavenging capacity, 
which compromises the chances of observing a protective 
effect after 4 days of reperfusion.*> This concern is appli- 
cable to other interventions studied in animal models in 
which assessment of efficacy is made several days after 
cessation of the treatment regimen. Because the PMN is 
implicated as being a major contributor to the observed 
injury on reperfusion, it is essential that the applied stim- 
ulus (ischemia) required for the ultimate chemoattrac- 
tion of the PMN to the reperfused region be of sufficient 
duration. Short ischemic intervals (40 minutes), as op- 
posed to longer (90 minutes) times of ischemic injury, 
may not serve as a sufficient stimulus for neutrophil re- 
cruitment,'* thus making it unlikely that interventions 
designed to mitigate against the deleterious effects of 
neutrophil-dependent cytotoxic products will manifest 
their therapeutic effect.°* The time-dependent relation- 
ship between the duration of regional myocardial isch- 
emia and the manifestation of reperfusion injury has been 
suggested by the study of Eng et al® and must be taken 
into consideration in the design of an experimental proto- 
col for the study of reperfusion injury and its modification 
by pharmacologic interventions. The ability of infarct 
expansion to develop late in the reperfusion period must 
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be recognized.®*-°> The modulation of the extent of reper- 
fusion injury with an intervention possessing a relatively 
short pharmacologic half-life in relation to the period of 
reperfusion must be appreciated in the protocol design.*° 
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Captopril and Enalaprilat Do Not 
Scavenge the Superoxide Anion 


Rakesh C. Kukreja, PhD, Hermes A. Kontos, MD, PhD, and Michael L. Hess, MD 


The ability of captopril and enalaprilat, 2 angioten- 


sin-converting enzyme (ACE) inhibitors, to scav- 
enge superoxide anion radical was examined. With 
use of a number of superoxide-generating systems, 
such as xanthine-xanthine oxidase, phorbol myris- 
tate acetate-activated neutrophils, auto-oxidizing 
dihydroxyfumarate, and auto-oxidation of epineph- 
rine to adrenochrome, captopril was seen not to 
scavenge superoxide directly, because it did not in- 
hibit superoxide-dependent cytochrome c or nitro- 
blue tetrazolium reduction. Superoxide-dependent 
cytochrome c reduction was inhibited only when 
captopril was preincubated with a lower concentra- 
tion of cytochrome c (22 uM). This effect was due 
to a decrease in the concentration of cytochrome c, 
because captopril reduced cytochrome c directly. 
When this effect was compensated for, no cyto- 
chrome c reduction induced by superoxide was ob- 
served. Captopril inhibited the auto-oxidation of 
epinephrine to adrenochrome at pH 10.2 where 
this auto-oxidation is superoxide-dependent, and at 
pH 7.8 where it is superoxide-independent and su- 
peroxide dismutase insensitive. It appears that cap- 
topril, in this respect, acted as a nonspecific antiox- 
idant, probably by reducing an intermediate in the 
complex oxidation of epinephrine to adrenochrome. 
Therefore, caution may be used in interpreting the 
role of captopril in the attenuation of reperfusion- 
induced myocardial dysfunction and in attributing 
this effect to the inhibition of free radical mecha- 
nism. 

(Am J Cardiol 1990;65:24 I-27 I) 
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( MACE) i an angiotensin-converting enzyme 
(ACE) inhibitor,! has a number of effects in- 
dependent of ACE inhibition; these include an 

anti-inflammatory action,’ cardioprotective effect 
against reperfusion-induced arrhythmias,* and attenua- 
tion of reperfusion-induced depression of myocardial 
function.” Recently, Westlin and Mullane’ provided a 
possible explanation for these actions. These investigators 
found that captopril diminished the reduction of cyto- 
chrome c induced by superoxide generated by xanthine 
oxidase plus xanthine or by activated neutrophils, and 
that it also decreased the rate of auto-oxidation of epi- 
nephrine. They asserted that captopril scavenged super- 
oxide and acted like superoxide dismutase (SOD). How- 
ever, captopril contains a sulfhydryl group (SH) and, 
therefore, acts as a reducing agent. It is possible that 
because of this action, it may interfere with the cyto- 
chrome c reduction assay of superoxide. It is not clear 
from Westline and Mullane? whether this effect of capto- 
pril was taken into consideration. A reexamination of the 
superoxide scavenging capabilities of captopril, therefore, 
appeared in order. We also compared the superoxide 
scavenging capabilities of another ACE inhibitor, enala- 
prilat, the deesterified form of enalapril. 


METHODS 

We studied the ability of captopril and enalaprilat to 
scavenge superoxide in a variety of superoxide-generating 
systems described in the ensuing paragraph. In some ex- 
periments, the effects of dimethyl sulfoxide (DMSO 
[from Sigma]), a known hydroxyl radical scavenger, and 
of cysteine (Sigma), an SH-containing compound that is 
known not to scavenge superoxide directly were compara- 
tively studied. 

Xanthine-xanthine oxidase: Superoxide generated by 
xanthine oxidase action on xanthine was determined by 
monitoring cytochrome c reduction at 550 nm. A typical 
assay consisted of 50 uM xanthine (sodium salt, Sigma), 
0.005 u/ml xanthine oxidase (Boehringer Mannheim 20 
u/ml), 0.05 mM cytochrome c (Sigma) in potassium 
phosphate buffer (0.05 M, pH 7.8 at 22°C) containing 
0.1 mM ethylenediaminotetra-acetate (EDTA). Capto- 
pril, enalaprilat or SOD were added in the reaction mix- 
ture before initiation of the reaction by xanthine oxidase. 
In some experiments, different concentrations of xan- 
thine, cytochrome c or xanthine oxidase were used. 

Phorbol myristate acetate—stimulated human neu- 
trophils: Heparinized human blood was mixed with equal 
volumes of 2% dextran in 0.9% saline solution and the 
erythrocytes were allowed to settle for 1.5 to 2 hours at 
room temperature. The neutrophil-rich plasma was cen- 
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FIGURE 1. Dose-dependent reduction of cytochrome c by cap- 
topril. Captopril initiated immediate reduction of cytochrome c 
at 550 nm without the generation of superoxide by xanthine 
oxidase action on xanthine. 
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FIGURE 2. Inability of captopril to scavenge superoxide gen- 
erated from xanthine oxidase (XO) action on xanthine. Capto- 
pril (500 4M) or enalapril (1 mM) were without any inhibitory 
effect on superoxide-dependent cytochrome c at 550 nm re- 
duction, whereas superoxide dismutase (SOD) (10 ug/ml) in- 
hibited rate of cytochrome c reduction under similar condi- 
tions. 


trifuged at 170 X g for 15 minutes. Contaminating eryth- 
rocytes were removed by hypotonic lysis and the neu- 
trophils were washed with 0.9% saline solution before 
layering onto Ficoll-Hypaque density gradient and cen- 
trifuged at 170 X g for 20 minutes. The pellet was resus- 
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FIGURE 3. Superoxide generation from auto-oxidizing dihy- 
droxyfumarate (DHF) and effects of captopril and superoxide 
dismutase (SOD). Captopril (500 4M) did not depress the su- 
peroxide-dependent nitroblue tetrazolium reduction at 560 
nm, whereas SOD (10 g/ml) did inhibit. 
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FIGURE 4. Inability of captopril or enalaprilat to inhibit super- 
oxide-dependent cytochrome c reduction from phorbol myris- 
tate acetate—stimulated neutrophils. Superoxide dismutase 
(SOD) (10 ug/ml) but not captopril or enalaprilat inhibited su- 
peroxide-dependent cytochrome c reduction. 


pended in Hank’s buffer containing glucose, calcium and 
magnesium. 

A typical assay consisted of 100 uM cytochrome c and 
0.5 X 10° cells/ml in Hank’s balanced salt solution. The 
cells were activated by phorbol myristate acetate in 
DMSO (200 ng/ml) and the rate of cytochrome c reduc- 
tion was monitored at 550 nm for 10 to 15 minutes. 
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FIGURE 5. Left, preincubation of cytochrome c with captopril and partial inhibition of its superoxide-dependent reduction. The 
reaction mixture contained lower cytochrome c (22 uM), 0.02 U/ml xanthine oxidase and 152 uM xanthine. Asterisk, rate of cy- 
tochrome c reduction after preincubation with 1 mM cytochrome c for 30 minutes. Right, inability of captopril to inhibit super- 
oxide-dependent nitroblue tetrazolium reduction under similar conditions. SOD = superoxide dismutase. 
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FIGURE 6. Top, time course of epineph- 
rine oxidation at pH 10.2 and effect of 
captopril, superoxide dismutase (SOD), 
enalaprilat, cysteine and dimethyl sulfox- 
ide (DMSO). Captopril at 100 and 500 uM 
concentrations, cysteine (100 uM) and 
SOD (10 ug/ml) inhibited epinephrine oxi- 
dation. Enalaprilat (1 mM) or DMSO were 
without any effect. The rate of epinephrine 
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oxidation was monitored at 320 nm. Bot- 
tom, time course of epinephrine oxidation 
at pH 7.8 and effects of SOD, captopril 
and DMSO. SOD (10 ug/ml) and DMSO 
(100 uM) were without any depressive ef- 
fect on epinephrine oxidation at this pH, 
whereas captopril continued to inhibit in a 
dose-dependent manner from 100 to 
1,000 uM. DL = racemic mixture of D- 
and L-isomers of cysteine. 
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Captopril, enalaprilat or SOD were added before activa- 
tion of cells by phorbol myristate acetate. 

Auto-oxidation of dihydroxyfumarate: Superoxide 
generated during the auto-oxidation of dihydroxyfuma- 
rate was measured by nitroblue tetrazolium (NBT) re- 
duction assay.® The standard assay mixture had a total 
volume of 3 ml and contained 50 uM NBT, 3.33 mM 
dihydroxyfumarate in 0.05M phosphate buffer contain- 
ing 0.1 mM EDTA (pH 7.8). The rate of NBT reduction 
was monitored spectrophotometrically at 560 nm. Capto- 
pril or SOD were included in the reaction mixture to 
study their effects. 

Epinephrine auto-oxidation: The auto-oxidation of 
epinephrine to adrenochrome was quantitated in vitro 
according to the method of Misra and Fridovich’ and 
subsequently modified by Sun and Zigman.° Briefly, 10 
ul of stock epinephrine (107% M) was used to initiate the 
reaction in buffer (0.1 M EDTA/50 mM sodium carbon- 
ate buffer, pH 10.2) in the presence or absence of capto- 
pril, enalaprilat or SOD. The rate of epinephrine oxida- 
tion was monitored at 320 nm up to 10 minutes. Epineph- 
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rine oxidation monitored at this wavelength was found to 
be more sensitive and gave more consistent results than 
that measured at 480 nm. The effect of SOD and capto- 
pril on the oxidation of epinephrine at 2 different pHs 
(7.8 and 10.2) was studied in potassium phosphate, or 
sodium carbonate buffers (0.05 M) containing 0.1 M 
EDTA. The pH 7.8 buffer contained 8.8 X 1075 M 
ferrous sulfate as catalyst.® 


RESULTS 

Captopril reduced cytochrome c directly in a dose- 
dependent fashion (Fig. 1). Cysteine had the same effect, 
whereas enalaprilat had no such effect, showing that the 
reduction of cytochrome c induced by captopril was prob- 
ably due to the presence of the SH group. 

In contradiction to the results reported by Westlin and 
Mullane,’ we found that captopril had absolutely no su- 
peroxide-scavenging capability. This was the case when 
superoxide was generated by xanthine plus xanthine oxi- 
dase (Fig. 2), by auto-oxidizing dihydroxyfumarate (Fig. 
3), or by phorbol myristate acetate--activated neutro- 





phils (Fig. 4). Because captopril reduced cytochrome c 
directly (Fig. 1), the resultant reduction in cytochrome c 
concentration is certain to result in a decreased rate of 
reduction under specific assay conditions such as lower 
cytochrome c concentration, higher xanthine oxidase and 
increased preincubation time with captopril. Fig. 5 (left) 
represents such a partial inhibition of cytochrome c when 
captopril (1 mM) was preincubated for 30 minutes before 
initiating reaction with xanthine oxidase. The diminution 
in the rate of reduction of cytochrome c, induced under 
these circumstances, was eliminated by adding additional 
cytochrome c to the reaction mixture. Under similar con- 
ditions, if NBT was used, which was not reduced directly 
by captopril, instead of cytochrome c, no detectable effect 
of captopril on the rate of reduction of this dye could be 
detected (Fig. 5, right). Clearly, the findings showed that 
captopril did not scavenge superoxide. The effect of cyste- 
ine was similar to that of captopril in all respects. When 
captopril was added to the reaction mixture immediately 
before the initiation of superoxide generation, no signifi- 
cant decrease in the rate of superoxide-induced reduction 
of cytochrome c was observed (Fig. 2 and 5, left). 

Captopril and cysteine, but not enalaprilat, dimin- 
ished the rate of auto-oxidation of epinephrine at pH 
10.2; SOD had a similar inhibitory effect at this pH. The 
findings with captopril confirm the results of Westlin and 
Mullane. Misra and Fridovich’ showed that the auto- 
oxidation of epinephrine is a complex process, which can 
proceed by at least 2 independent pathways. At high pH 
(10.2), the auto-oxidation of epinephrine to adreno- 
chrome is superoxide-dependent and, therefore, inhibited 
by SOD (Fig. 6, top). However, at lower pH (7.8), the 
auto-oxidation of epinephrine to adrenochrome is metal- 
catalyzed, and is independent of superoxide. For this rea- 
son we tested the effect of captopril on the auto-oxidation 
of epinephrine at the lower pH. Captopril, but not SOD 
or DMSO, inhibited the rate of oxidation of epinephrine 
(Fig. 6, bottom). 


DISCUSSION 

Our findings clearly show that captopril does not scav- 
enge superoxide directly. The earlier suggestion by West- 
lin and Mullane? that captopril is a scavenger of superox- 
ide is probably due to erroneous interpretation of the 
assays for superoxide used. Captopril, by virtue of its SH 
group, acts as a reducing agent and reduces cytochrome 
c, thereby reducing the concentration of this indicator in 
the assay of superoxide. This effect is dependent on the 
concentrations of xanthine oxidase, cytochrome c, capto- 
pril and the duration of preincubation used in this assay 


(Fig. 5, left). Westlin and Mullane’ did not take into 
account the effect of this interaction of captopril with 
cytochrome c and misinterpreted the resultant decrease 
in the rate of superoxide-induced reduction of cyto- 
chrome c as due to scavenging of superoxide by captopril. 

Our findings show that at pH 10.2 captopril reduced 
the rate of auto-oxidation of epinephrine to adreno- 
chrome, a finding similar to that of Westlin and Mul- 
lane.” These investigators, however, interpreted this as 
indicating that captopril scavenges superoxide. Further 
analysis of the effects of captopril on the auto-oxidation 
of epinephrine shows that this interpretation is not war- 
ranted. Captopril interfered with the auto-oxidation of 
epinephrine at a lower pH where the auto-oxidation of 
epinephrine is independent of superoxide and where SOD 
has no effect.’ A more reasonable interpretation, which is 
consistent with all of the findings, is that captopril, by 
virtue of its SH group, acts as a nonspecific antioxidant. 
Because DMSO was ineffective in inhibiting the auto- 
oxidation of epinephrine at pH 7.8, hydroxyl radical is 
probably not involved. The effect of captopril is probably 
exerted via reduction of an intermediate product in the 
complex of auto-oxidation of epinephrine to adreno- 
chrome. 

Whether this antioxidant effect of captopril is of clini- 
cal value cannot be evaluated from our experiments and 
has to be tested by direct experimentation in various 
situations in which oxidant injury to tissues occurs. In this 
respect, however, at least with regard to the antioxidant 
effects of captopril in the auto-oxidation of epinephrine, it 
is not superior to cysteine. 
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Neuroendocrine Activation After Acute 
Myocardial Infarction 


Jay N. Cohn, MD 


Neuroendocrine response after acute myocardial in- 
farction (MI) results in activation of the sympathet- 
ic nervous system, the renin-angiotensin system, 
and vasopressin and atrial natriuretic peptide re- 
lease. The net effect of this response is vasocon- 
striction, cardiac stimulation and regional flow re- 
distribution that may have a favorable effect in 
some situations and a deleterious effect in others. 

The possible adverse effects of vasoconstriction 
were studied in a Veterans Administration Cooper- 
ative Study that evaluated a 48-hour infusion of so- 
dium nitroprusside in the setting of acute MI. In the 
presence of mild, probably primarily diastolic left 
ventricular dysfunction, nitroprusside appeared to 
have an adverse effect on long-term survival. How- 
ever, in the presence of more severe, probably pre- 
dominantly systolic dysfunction, nitroprusside had 
a favorable effect on the prognosis. Therefore, the 
decision of whether to accept or inhibit neuroendo- 
crine activation in acute MI probably depends on 
the severity of the disease and the timing of the 
therapeutic intervals. 

(Am J Cardiol 1990;65:28 I-31 I) 
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infarction (MI) usually is accompanied by neuro- 

endocrine stimulation. Therapy used in the treat- 
ment of acute MI may contribute to the neurohormonal 
response. The purpose of this study was to examine the 
physiologic implications of the neurohormonal response 
and to determine if the net effect of this response is 
favorable or unfavorable. 


Ti: circulatory disturbance of acute myocardial 


EVIDENCE FOR NEUROENDOCRINE 
STIMULATION 

Plasma catecholamines increase in patients with acute 
MI.!-3 Some of the increase in circulating norepinephrine 
may be the result of a reduction in norepinephrine clear- 
ance. It is also likely that increased levels of circulating 
norepinephrine reflect an increase in spillover of norepi- 
nephrine from the synaptic cleft into the bloodstream.* 
The regional source of the norepinephrine in the acute MI 
syndrome is unknown. Because infarcted myocardium 
rapidly becomes depleted of norepinephrine,’ it is inter- 
esting to speculate a myocardial source of the high circu- 
lating levels of norepinephrine. However, the magnitude 
of the norepinephrine response indicates that it is from 
a generalized sympathetic reflex response distributed 
throughout the sympathetic nervous system. 

Because the magnitude of the sympathetic response in 
patients with acute MI appears to parallel the severity of 
the hemodynamic derangement,>°:’ and because the ele- 
vated plasma levels tend to return to the normal range 
over the first 24 to 48 hours,®” it is highly likely that 
sympathetic activation represents a reflex response to 
some hemodynamic deficit, e.g., a decrease in cardiac 
output, a reduction in tissue perfusion, a decrease in ca- 
rotid/aortic pressure or pulse pressure, or some other as 
yet unrecognized reflex stimulation of the sympathetic 
nervous system. 

Renin-angiotensin stimulation frequently occurs in 
patients with acute MI, particularly when left ventricular 
failure is present.!®!! In the hypotensive patient, the in- 
crease in plasma renin activity may occur through renal 
sympathetic stimulation induced by baroreceptor unload- 
ing. A correlation between plasma norepinephrine and 
plasma renin activity supports this possibility. The sym- 
pathetic response may be attenuated in patients who have 
had chronic heart failure in whom baroreceptor response 
to a decrease in blood pressure often is inhibited.'* Even 
in the latter instance, however, renal baroreceptors con- 
trolling renin release still appear to be active and this may 
account for renin stimulation in the absence of sympa- 
thetic stimulation.!? 





TABLE I Physiologic Effects of Sympathetic Nervous System 
Stimulation 


Increased myocardial contractility 
Tachycardia 

Atrial and ventricular arrhythmias 
Coronary vasoconstriction 
Decreased vascular compliance 
Increased vascular resistance 
Decreased venous Capacitance 
Regional blood flow redistribution 
Myocardial hypertrophy 


TABLE II Physiologic Effects of Renin-Angiotensin System 
Stimulation 


Presynaptic stimulation of norepinephrine release 
Decreased arterial compliance 

Increased arterial resistance 

Renal sodium retention 

Renal potassium loss 

Thirst 

Regional blood flow redistribution 

Myocardial hypertrophy 


Intrarenal mechanisms may contribute to renin stim- 
ulation, e.g., through macula densa response to reduction 
in sodium load. Furthermore, furosemide has a striking 
stimulatory effect on renin release, presumably through 
an intrarenal mechanism. Furosemide administered early 
in the course of acute MI may accentuate the neurohor- 
monal response to the disease.!* 

An increase in plasma arginine vasopressin levels also 
is noted in patients with acute MI.*:!> The mechanism of 
this apparently nonosmotic stimulus to vasopressin re- 
lease is not fully understood, although morphine adminis- 
tration may play a role in some patients. 

Atrial natriuretic peptide (ANP) levels also probably 
increase in response to an increase in left atrial pressure in 
the patient with acute MI.'° Although it would be expect- 
ed that ANP levels would decrease as the elevated left 
ventricular filling pressure normalizes after the acute 
event, studies of this phenomenon have not been reported. 


EFFECTS OF NEUROHORMONAL 
STIMULATION 

Reflex stimulation of the sympathetic nervous system 
(Table I) and renin-angiotensin system (Table II) results 
in vascular and cardiac effects aimed teleologically at 
supporting arterial pressure. Increases in arteriolar resis- 
tance and reductions in arterial compliance support mean 
arterial and systolic pressures in the face of a decreasing 
stroke volume. Support of arterial pressure may be par- 
ticularly important in maintaining myocardial perfusion 
through a proximal stenosis in a coronary artery.!’ 

A reflex increase in heart rate helps to maintain cardi- 
ac output, and an increase in myocardial contractility 
may augment stroke volume. Venoconstriction induced 
by neurohormonal stimulation shifts blood from the ve- 
nous reservoir to the heart to augment cardiac filling and 


TABLE Ill Physiologic Effects of Antidiuretic Hormone 
(Vasopressin) Release 


Increased free water reabsorption 
Coronary vasoconstriction 
Systemic vasoconstriction 
Regional blood flow redistribution 


TABLE IV Physiologic Effects of Atrial Natriuretic Peptide 
Release 


Regional vasodilation and vasoconstriction 

Inhibition of sympathetic, renin-angiotensin and vasopressin 
stimulation 

Inhibition of renal sodium reabsorption 


TABLE V Potential Deleterious Effects of Neurohormonal 


Stimulation of Acute Myocardial Infarction 


Ventricular arrhythmias 

Tachycardia 

Reduced perfusion to ischemic myocardium 
Increased ventricular filling pressure 
Increased aotic impedance 

Increased myocardial oxygen consumption 
Reduced sodium and water excretion 


support cardiac contraction by a Frank-Starling mecha- 
nism. Volume effects may be accentuated by renal vaso- 
constriction and by angiotensin-induced aldosterone se- 
cretion. Finally, both norepinephrine and angiotensin 
may contribute to early myocardial protein synthesis that 
leads to myocardial hypertrophy. 

Release of vasopressin and ANP has less well-estab- 
lished cardiovascular effects. The effect of vasopressin on 
free water excretion and on regional vascular tone are 
well known (Table III), but it is not clear if the blood 
levels achieved during acute MI are adequate to induce 
these physiologic effects.'* Atrial peptide has direct ef- 
fects on the kidney and as a vasodilator and vasoconstric- 
tor, but it also may interfere with the response of the 
sympathetic nervous system, the renin-angiotensin sys- 
tem and arginine vasopressin release (Table IV).!? 

Although these neurohormonal responses may be ap- 
propriate and well-tolerated when the heart is normal, 
these physiologic effects may become deleterious in the 
setting of acute myocardial damage (Table V). The in- 
crease in vascular resistance and decrease in compliance 
raise the impedance to left ventricular ejection and may 
adversely affect left ventricular output. The increase in 
heart rate and contractility augment myocardial oxygen 
consumption and may aggravate ischemia. The increase 
in preload mediated by vasoconstriction and sodium re- 
tention may not product an appropriate increase in stroke 
volume because the damaged ventricle is operating on a 
flat Frank-Starling curve. Furthermore, the increased 
preload may impede subendocardial perfusion and aggra- 
vate ischemia-induced pump dysfunction (Fig. 1). Final- 
ly, neurohormonal stimulation may contribute directly to 
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A SYMPOSIUM: THE RENIN-ANGIOTENSIN SYSTEM — TISSUE SPECIFIC ISSUES 


ET Myocardial Infarction ee BAN 


Systolic Diastolic 
Dysfunction Dysfunction 


+ Cardiac Output } Compliance 


Neurohormonal Stimulation + LVEDP 


+ Impedance Subendocardial Ischemia 


Pump Failure 
Arrhythmias 


Sudden Death 


FIGURE 1. Vicious cycle of acute myocardial infarction even- 
tuating in a pump failure or sudden death in part related to 
feedback loops involving both systolic and diastolic dysfunc- 
tion. The adverse effect of vasoconstriction induced by neuro- 
hormonal stimulation is particularly related to systolic dys- 
function that can be moderated by vasodilator therapy. Dia- 
stolic dysfunction in acute myocardial infarction is more 
transient and does not appear to respond favorably to vasodi- 
lator therapy. LVED = left ventricular end-diastolic pressure. 


ventricular arrhythmias that can precipitate ventricular 
fibrillation. 

Because neurohormonally mediated vasoconstriction 
could have either favorable or unfavorable effects on the 
acutely infarcted ventricle, in 1975 we initiated a multi- 
center trial of short-term infusion of sodium nitroprusside 
in patients within 24 hours of acute MI.?° Although ther- 
apy was not aimed at inhibiting the neurohormonal re- 
sponse, its goal was to counteract the vasoconstriction and 
thus lower impedance to left ventricular output. Because 
our preliminary studies indicated that nitroprusside infu- 
sion improved left ventricular global function without 
increasing heart rate,’! this intervention appeared to be 
an appropriate probe to test whether vasoconstriction was 
good or bad in the setting of acute MI. 

The multicenter trial was performed in 11 Veterans 
Administration Hospitals under sponsorship of the Veter- 
ans Administration Cooperative Studies Program. A to- 
tal of 812 men with presumed acute MI were randomized 
after Swan-Ganz catheterization had confirmed the pres- 
ence of an elevated pulmonary capillary wedge pressure 
>12 mm Hg. They received, in double-blind fashion, an 
infusion of sodium nitroprusside or placebo titrated to 
reduce the pulmonary wedge pressure to 60% of the con- 
trol value or until systolic blood pressure decreased below 
a prescribed limit or a maximal dose had been reached. 
The infusion was continued for 48 hours with dosage 
adjustment if necessary to maintain the goal pressure. 
The mortality in these 2 treatment groups appeared to be 
significantly influenced by the timing of the institution of 
the infusion in relation to the course of the myocardial 
infarction. In patients in whom treatment was begun 
within 9 hours after the clinical onset of acute MI, nitro- 
prusside had a statistically significant adverse effect on 
13-week mortality (Fig. 2). In contrast, patients random- 
ized and begun on infusion more than 9 hours from the 
onset of their infarct exhibited a statistically significant 
beneficial effect on mortality of nitroprusside infusion. 
This difference in survival between these 2 randomized 
groups persisted through 1 year of follow-up (Table VI). 
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FIGURE 2. Mortality in patients randomized into the Veterans 
Administration trial within 9 hours after onset of acute myo- 
cardial infarction (Early Treatment) and after 9 hours (Late 
Treatment). (Reprinted with permission from N Engl J 
Med.7°) 


We can speculate about the mechanism of this effect 
of sodium nitroprusside. One attractive possibility is that 
the patients randomized early into the trial represented a 
different population than those randomized later. Since 
an elevated pulmonary capillary wedge pressure was a 
prerequisite for randomization, and since pulmonary 
wedge pressure decreases progressively from its initial 
elevated levels after acute MI,’ it is likely that many of 
the patients who underwent cardiac catheterization with- 
in the first few hours after their infarct had transiently 
elevated left ventricular filling pressure, which would 
have fallen into the normal range had they been seen later 
in the course of their illness. Thus, many of these patients 
who were randomized early may have had predominate 
diastolic dysfunction without much global systolic dys- 
function; in this population, reduction of blood pressure 
may have had an adverse effect on myocardial perfusion 
without as much beneficial effect on left ventricular sys- 
tolic function. In contrast, patients whose left ventricular 


TABLE VI Mortality After Acute Myocardial Infarction in 
Veterans Administration Cooperative Study 


Nitroprusside Placebo 


Deaths 
17.0 405 KA 


23. 121 17 
13.8 284 60 


All patients 407 69 
<9 hours 131 31 
>9 hours 276 38 


24.1 368 93 
28.6 112 23 
21.9 256 70 


All patients 377 91 
<9 hours 126 36 
>9 hours 251 55 





filling pressures remained elevated more than 9 hours 
after the onset of MI probably had more severe global left 
ventricular systolic dysfunction in which the favorable 
effects of nitroprusside outweighed any possible adverse 
effects on coronary perfusion. In this group, persistent left 
ventricular diastolic hypertension in the placebo-treated 
patients may have contributed to persistent subendocar- 
dial ischemia that resulted in worsening of ventricular 
function and a higher mortality rate. In support of the 
suggestion that the patients who were randomized early 
were less sick than the patients randomized later is the 
observed mortality rate in the placebo groups. Mortality 
at 13 weeks was 50% higher in the group randomized 
more than 9 hours after onset of the infarct, and mortality 
at 1 year remained 33% higher in the group randomized 
late. 

Although this study with sodium nitroprusside ad- 
dressed only the systemic vasoconstrictor response as a 
manifestation of neurohormonal stimulation in acute MI, 
the data allowed us to propose a more rational under- 
standing of the role of reflex vasoconstriction in the set- 
ting of acute MI. In milder forms of acute MI, when 
diastolic dysfunction is more prominent than systolic dys- 
function, vasoconstriction supports coronary perfusion 
pressure but does not adversely affect left ventricular 
function. Inhibition of vasoconstriction in this setting is 
not beneficial. In more severe infarcts when systolic func- 
tion is adversely affected, vasoconstriction aggravates left 
ventricular dysfunction and may contribute to progres- 
sive subendocardial ischemia and a worsening clinical 
state. In this latter situation, vasodilator therapy has a 


beneficial effect. Furthermore, when systolic dysfunction 
persists after MI, the clinical syndrome of chronic heart 
failure is accompanied by neurohormonal stimulation 
and vasoconstriction. We now know that vasodilator 
therapy to counteract this vasoconstriction has a favor- 
able effect on both left ventricular function and the 
course of the clinical syndrome.” 


CONCLUSIONS 

Thus, we can view neurohormonal responses in acute 
MI as both potentially beneficial and potentially harmful. 
Selection of the appropriate patient for the appropriate 
therapy is a challenge that can be met only by collection 
of appropriate physiologic data. 
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Neuroendocrine Activation in Acute 
Myocardial Infarction 


T. Barry Levine, MD 


Recent research indicates that neurohormonal re- 


sponses after myocardial infarction may predict pa- 
tient outcome, and alteration of this process may 
change etiologic factors and strengthen positive 
prognosticators. Because there are clinical similar- 
ities between acute myocardial infarction and heart 
failure, there appears to be justification for a uni- 
fied treatment approach (i.e., therapies that have 
proved beneficial in the treatment of myocardial in- 
farction have also showed promise in the treatment 
of heart failure). Conversely, some therapies that 
have benefited the patient with heart failure may 
benefit the patient who has had a myocardial in- 
farction. For example, angiotensin-converting en- 
zyme inhibitors have been proven to blunt detri- 
mental neurohormonal activity seen after myocardi- 
al infarction. These therapies promise to reduce 
complications and improve survival. 

(Am J Cardiol 1990;65:32 I-34 I) 
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myocardial infarction is a stress to the entire 
A eztv system that has both myocardial 

and systemic consequences, and the neurohor- 
monal responses to myocardial infarction are maladap- 
tive attempts to readjust to the various aspects of the 
destabilizing event. Myocardial injury triggers increased 
activity of both the sympathetic nervous system and the 
renin-angiotensin system, and recent studies indicate that 
patient outcome is predicted by the severity of these neu- 
rohormonal responses. However, modification of these 
responses may alter the clinical course of the underlying 
disease process. 

Many factors theoretically participate in the in- 
creased neuroendocrine response to acute myocardial 
infarction. Pain and anxiety increase adrenomedullary 
release of epinephrine and norepinephrine. Decreased 
cardiac output and hypotension stimulate peripheral 
sympathetic activity and reduce renal blood flow activat- 
ing the renin-angiotensin system. Regionally, myocardial 
necrosis releases norepinephrine stores from the infarcted 
area. Furthermore, coronary insufficiency resulting in 
ischemia but not necrosis also releases myocardial norepi- 
nephrine. The recent discovery of an intact renin-angio- 
tensin system within the heart also raises the possibility of 
local activation of this endocrine system. The integrated 
action of these 2 systems on the myocardium and at the 
periphery may result in mutual stimulation. 

There is considerable evidence for increased neuroen- 
docrine activity in both the experimental infarction mod- 
els and the clinical setting of acute myocardial infarction. 
A number of studies have shown that myocardial necrosis 
leads to release of norepinephrine stores in necrotic myo- 
cardial tissue.'~> Infarction, however, is not a prerequisite 
for this phenomenon. Muntz et al* evaluated alterations 
in myocardial catecholamines during early myocardial 
ischemia in dogs. The left anterior descending artery was 
ligated and regional release of myocardial norepinephrine 
vs regional coronary blood flow was assayed. At 1 hour 
after ligation, myocardial catecholamines were identical 
in all regions of the myocardium. By 3 hours, however, a 
significant decrease in catecholamines was noted in the 
endocardium of the ischemic region. This was not seen in 
the less ischemic epicardial region. The investigators not- 
ed that there was a redistribution of catecholamines from 
nerve terminals to other interstitial tissue compartments. 
Thus, ischemia before infarction resulted in release of 
myocellular norepinephrine to surrounding interstitial 
spaces. Potential toxic effects of excessive extracellular 
norepinephrine was illustrated by observations of Gavros 
et al.’ Intravenous infusions of norepinephrine in rabbits 
resulted in extensive, often confluent, multifocal myocar- 
dial necrosis. 





Increased activity of the renin-angiotensin system is 
also seen after myocardial infarction. Reduction in cardi- 
ac Output resulting in decreased renal blood flow and 
renal perfusion pressure will increase the activity of this 
homeostatic system.*:’ Furthermore, increased renal 
sympathetic nerve traffic will also increase renin release.’ 
Finally, there is evidence of an intact renin-angiotensin 
system within the heart. Ertl? demonstrated that a 30- 
second occlusion of the coronary artery in dogs results in 
increased renin activity and angiotensin II levels. The 
increased vasoconstriction mediated by enhanced angio- 
tensin II activity resulted in increased afterload and thus 
myocardial oxygen demand, potentiating the left ventric- 
ular (LV) dysfunction seen in an acute myocardial in- 
farction. The intriguing observations of Gavros et al? in 
rabbits, that intravenous angiotensin II caused extensive 
myocardial necrosis identical to that seen with norepi- 
nephrine, raises the possibility of further myocardial 
damage mediated either directly or indirectly by norepi- 
nephrine. 

There is considerable clinical evidence that increased 
neuroendocrine activity is detrimental to patients after a 
myocardial infarction. These vasoconstrictor mecha- 
nisms increase myocardial oxygen demand, and reduce 
supply by vasoconstricting the coronary bed and reducing 
blood flow. They therefore might be expected to promote 
infarct expansion, recurrent ischemia, reinfarction, heart 
failure and arrhythmias. Early work was performed by 
Prakash et al'° measuring urinary catecholamines in pa- 
tients after acute myocardial infarction. They demon- 
strated a correlation between neurohormonal activity and 
subsequent development of LV failure, life-threatening 
arrhythmias, shock and death. In fact, patients with com- 
plicated postmyocardial infarction had significantly 
higher urinary catecholamines than patients with uncom- 
plicated myocardial infarction. These early observations 
led to the concept that increased catecholamines were 
predictors for the severity of infarction and the clinical 
outcome. That this increased sympathetic activity partic- 
ipated in the pathophysiology of acute myocardial infarc- 
tion was demonstrated by Kalsberg et al.!! They found 
increased levels of plasma norepinephrine and epineph- 
rine within 4 hours of the onset of myocardial infarction 
before any creatine phosphokinase release. There was a 
direct correlation between mean epinephrine, norepi- 
nephrine and peak epinephrine levels, and levels of cre- 
atine phosphokinase generated by the myocardial infarc- 
tion. During follow up, patients with the highest levels of 
circulating catecholamines were also those with the poor- 
est prognosis. These investigators logically suggested that 
the magnitude of neurohormonal activation early in the 
course of an acute myocardial infarction played a role in 
the extent of myocardial damage and eventual mortality. 
Vaney et al!’ also demonstrated increased plasma norepi- 
nephrine and epinephrine levels after myocardial infarc- 
tion. They noted the correlation between the size of the 
infarction and the level of circulating catecholamines. 
Furthermore, they extended their observations to the re- 
nin-angiotensin system. They found that plasma renin 
activity also increased after myocardial infarction. In 
their series, patients with the greatest increase in neuro- 


endocrine activity, after a myocardial infarction, were 
those most likely to have cardiogenic shock or ventricular 
fibrillation. 

Clearly, the larger the myocardial infarction, the 
greater the neuroendocrine response and the worse the 
prognosis. However, the increased neuroendocrine activi- 
ty, after an infarction, can independently contribute to 
infarct expansion and extension and worsening prognosis. 


APPROACHING A MYOCARDIAL INFARCTION 
AS “TELESCOPED HEART FAILURE” 

One is struck by the apparent pathophysiologic simi- 
larities of acute myocardial infarction and heart failure. 
In both situations pump dysfunction is present. Both 
heart failure and myocardial infarction result in depleted 
myocardial catecholamine stores. In both, an inappropri- 
ate peripheral vasoconstriction is seen mediated by in- 
creased activity of the renin-angiotensin system and an 
increased sympathetic tone. Finally, arrhythmias are fre- 
quent occurrences in both situations, as is sudden death. 

Thus, acute myocardial infarction and stable heart 
failure may be viewed as a physiologic continuum, and 
myocardial infarction is essentially “telescoped heart fail- 
ure.” This unifying physiologic outlook leads to potential 
unification in therapy. In each clinical situation the thera- 
py that benefits one disease seems to hold promise for the 
other. 

Beta blockade is an accepted therapy after myocardi- 
al infarction. A number of placebo controlled trials have 
shown that 6 blockade improves survival and reduces 
reinfarction after a myocardial infarction.!3-!5 This ob- 
servation was also underscored in the recent Thromboly- 
sis in Myocardial Infarction II trial.'° In this study a 
subset of patients, after thrombolytic therapy, were ran- 
domized to metoprolol either immediately after infarc- 
tion or 6 days later. The results of this study showed that 
those receiving metoprolol immediately after myocardial 
infarction had a lower incidence of reinfarction and re- 
currence of ischemia. Interestingly and analogously, 
there is increasing interest in the use of 8 blockade to treat 
congestive heart failure.'!’ One randomized placebo-con- 
trolled trial showed these drugs to improve conditions in 
patients with primary cardiomyopathy both functionally 
and symptomatically.!* Why these drugs might benefit 
patients with heart failure is unknown. Perhaps it is the 
myocardial protection of 8 blockade on further catechol- 
amine-mediated damage, or it might be a resetting of 
myocardial 8 receptors leading to improved cardiac func- 
tion. 

Conversely, the converting enzyme inhibitors are ac- 
cepted therapy for the treatment of heart failure.!?~2! 
These drugs have shown symptomatic and functional im- 
provement in patients, and more recently in survival. 
The Coopertive North Scandanavian Enalapril Survival 
Study examined patients with end-stage congestive heart 
failure.” Most patients had ischemia as the underlying 
cause of LV dysfunction. The study showed that patients 
randomized to enalapril had significantly greater 6- 
month and l-year survival then those taking placebo. 
Thus, it has been shown experimentally that a converting 
enzyme inhibitor preserves myocardial contractile func- 
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tion in an ischemic segment stressed by either tachycar- 
dia or reperfusion.? The ability of captopril to protect 
ischemic myocardium may represent a reduction in myo- 
cellular toxicity mediated by angiotensin II. In a recent 
study, Pfeffer et al?’ showed that after myocardial infarc- 
tion, patients randomized to a converting enzyme inhibi- 
tor had an increase in exercise capacity 3 months to 1 year 
after myocardial infarction when compared with a place- 
bo-controlled cohort despite the presence of LV dysfunc- 
tion. Thus, the lessons learned in the therapy of end-stage 
congestive heart failure appears to apply to acute myo- 
cardial infarction (telescoped congestive heart failure), 
and these preliminary studies offer exciting promise to 
patients with ischemic heart disease. The ability to blunt 
the neurohormonal activity seen in an acute infarction 
promises to reduce the complications seen in these pa- 
tients and improve survival. Aggressive pharmacologic 
therapies are an essential and appropriate complement to 
the aggressive interventional strategies pursued to treat 
myocardial infarctions. 
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Protection of the Myocardium During 
Myocardial Infarction: Pharmacologic 
Protection During Thrombolytic Therapy 


James T. Willerson, MD, and L. Maximilian Buja, MD 


The most effective way to protect injured myocar- 
dium during the early phases of evolving myocardi- 
al infarction is with reperfusion. However, reperfu- 
sion may induce further myocardial injury. Alter- 
ations in the major determinants of myocardial 
oxygen demand, including increases in heart rate, 
contractile state and myocardial wall tension may 
also increase infarct size. An understanding of the 
basic mechanisms involved in the evolution of myo- 
cardial injury during myocardial infarction is impor- 
tant to the development of protective strategies 
that may reduce infarct size or attenuate reperfu- 
sion-induced myocardial injury, or both. Selective 
calcium antagonists, 8 blockers, and phospholipase 
antagonists or inhibitors may reduce infarct size in 
association with early reperfusion. Reperfusion in- 
jury may be attenuated by free radical scavengers 
and calcium antagonists. Reinfarction, after the ini- 
tial event, may ultimately be reduced in frequency 
by pharmacologic strategies that interfere with 
platelet adhesion, aggregation, and mediator re- 
lease from activated platelets and white cells that 
promote further platelet aggregation or induce cor- 
onary artery vasoconstriction. Included among pro- 
tective strategies are thromboxane receptor antag- 
onists and synthesis inhibitors, serotonin receptor 
antagonists, possibly leukotriene synthesis inhibi- 
tors or receptor antagonists, and aspirin. Future 
clinical trials should test the combined efficacy of 
reperfusion and selected pharmacologic strategies 
that alter calcium accumulation in the injured myo- 
cardium, diminish the injurious effects of 8- and a- 
adrenergic mechanisms and oxygen-derived free 
radicals on injured myocytes, and prevent reocclu- 
sion mediated by platelets and platelet mediators. 
(Am J Cardiol 1990;65:35 I-41 I) 
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yocardial infarction occurs with increases 
M in myocardial oxygen demand, but far more of- 

ten with decreases in myocardial oxygen deliv- 
ery associated with temporary and permanent coronary 
artery occlusions.'~> Recent studies have established that 
the most effective way to limit infarct size is with myocar- 
dial reperfusion early in the evolution of the infarction.*» 
However, reperfusion itself may contribute to myocardial 
injury, including cellular and vascular endothelial swell- 
ing and interstitial edema and hemorrhage.®* Calcium 
accumulation occurs in injured myocytes with altered 
membrane permeability and may activate destructive cel- 
lular processes, including phospholipases,?"!! and impair 
mitochondrial oxidative phosphorylation and the genera- 
tion of high energy phosphates.!%!3 Thirty minutes to 1 
hour of coronary artery occlusion in canine and feline 
models causes an increase in 8- and a-adrenergic receptor 
numbers on reversibly injured myocytes with no change 
in agonist affinity.!+!8 Catecholamines leak from their 
storage depots during the same time period and injured 
myocytes are bathed in relatively high concentrations of 
catecholamines, potentially resulting in arrhythmias, 
myocyte injury, cellular calcium overloading and mem- 
brane injury.'?° This report reviews basic mechanisms 
involved in myocyte injury during evolving myocardial 
infarction and suggests protective strategies based on an 
understanding of pathophysiologic mechanisms involved 
in cellular injury during evolving myocardial infarction. 


GENERAL MECHANISMS 

Myocardial infarcts occur with temporary coronary 
artery occlusion and reperfusion and with fixed or perma- 
nent coronary artery occlusion. On occasion, myocardial 
infarcts occur when myocardial oxygen demand is in- 
creased above the ability of narrowed coronary arteries to 
deliver oxygen, such as with increases in heart rate, con- 
tractile state or myocardial wall tension.'~> Alternatively, 
myocardial infarcts (usually non-Q-wave or subendocar- 
dial infarcts) may also occur when myocardial oxygen 
delivery is reduced by systemic arterial hypotension or 
with very severe systemic arterial hypertension or by met- 
abolic abnormalities in which myocardial substrate avail- 
ability is reduced, or by a combination of these, e.g., in 
hypoglycemia or severe acidosis. | 

Irreversible myocardial injury develops within 20 
minutes and during longer periods of critical reduction in 
myocardial oxygen delivery. There is a wavefront of 
evolving myocardial necrosis from endocardium to epi- 
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NET (% Control) 


NET(% Control) 


“Occlusion — 


cardium that occurs during the initial 6 hours after coro- 
nary artery occlusion in canine models.*! Thirty minutes 
to 21 hour of permanent coronary artery occlusion is 
associated with small increases in cellular calcium con- 
centration, 50 to 80% increases in the number of 8- and a- 
adrenergic receptors on injured myocytes with no change 
in agonist affinity, phospholipase activation with conse- 
quent membrane phospholipid degradation, and marked 
reduction in high energy phosphate concentration.” '® A 
severe local metabolic acidosis develops, and sodium po- 
tassium adenosine triphosphatase activity on injured 
myocytes is depressed with a consequent accumulation of 
cellular sodium, extrusion of potassium, and increase in 
injured myocyte calcium concentration, at least partly as 
a consequence of sodium-calcium exchange.’ These cellu- 
lar alterations are progressive with time. One to 3 hours 
after coronary artery occlusion, catecholamines leak 
from their myocardial storage depots and injured myo- 
cytes are exposed to relatively high concentrations of 
catecholamines.!?:2° Myocardial reperfusion after tempo- 
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FIGURE 1. Changes in NET expressed 
as a percentage of control value during 
2 hours of left anterior descending cor- 
onary artery occlusion and 1 month of 
reperfusion in dogs with 2 hours of 
temporary coronary artery occlusion 
followed by 1 month of reperfusion. 

* Significant difference vs other 2 
treatment groups (p <0.05 analysis of 
variance, Duncan’s multiple range 
test). The numbers in parentheses rep- 
resent the number of segments in each 
class and treatment group. These seg- 
mental functional studies were ob- 
tained in chronically instrumented dogs 
with coronary artery occlusions lasting 
2 hours and with treatment with either 
propranolol (Prop), placebo (No Rx) or 
diltiazem (Dilt). Reperfusion itself re- 
sulted in as much recovery of left ven- 
tricular systolic wall thickening (NET) 
at sites of mild dysfunction during the 
coronary occlusion (top panel), at sites 
of moderate segmental dysfunction 
(middle panel), and at sites of severe 
segmental dysfunction (bottom panel) 
as reperfusion at 2 hours with diltia- 
zem or propranolol. (Reproduced from 
Circulation 1985;72:423, by permis- 
sion of the American Heart Associa- 
tion). 


Reper tuson —————___+ 


rary coronary artery occlusion of 30 minutes or longer 
results in cellular and interstitial edema and substantial 
increases in cellular calcium concentration.® Periods of 
temporary coronary artery occlusion lasting more than 1 
hour followed by reperfusion may be associated with 
myocardial hemorrhage. The longer the duration of cor- 
onary artery occlusion, the less salvage of myocardium is 
achieved by reperfusion.*>:! 

Thus, to limit the extent of myocyte injury during 
myocardial infarction, reperfusion at an early period in 
the evolution of cellular injury is required, i.e., usually 
within the first 2 hours.*° Theoretically, interventions 
that antagonize intrinsic cellular alterations, which con- 
tribute to the development of irreversible injury in myo- 
cardial cells during ischemic injury and evolving myocar- 
dial infarction (including calcium accumulation, en- 
hanced adrenergic influences, phospholipase activation 
and, with reperfusion, cellular and endothelial edema, 
myocardial hemorrhage and free radical generation) 
might enhance the protection of injured myocytes. 





FIGURE 2. Changes in NET (left ven- 
tricular segmental systolic wall thick- 
ening) during 4 hours of left anterior 
descending artery (LAD) occlusion and 
1 month of reperfusion in group Il 
dogs. Asterisks during early reperfu- 
sion in class 2 segments denote signifi- 199 
cance vs the other 2 treatment groups. 
Asterisks at 1 to 4 weeks after reper- 
fusion denote a significant difference 
between propranolol plus diltiazem 
(DTZ) vs saline-treated groups only. In 
class 3 segments, asterisks denote 
that the value for diltiazem-treated 
dogs alone was significantly different 
compared with the propranolol- 
(PROP) or saline-treated dogs at 1 
hour after reperfusion and for propran- 
olol- plus diltiazem-treated dogs alone 
at 2 hours after reperfusion. (Repro- 
duced from Circulation 1985;72:423, 
by permission of the American Heart 
Association). 50 


NET (% CONTROL) 


CLASS 2 


NET (% CONTROL) 


CLASS 3 
wor 


—_ 
O 
oO 
~ 
Z 
O 
O 
af 
p- 
uJ 
zZ 


SELECTED PHARMACOLOGIC 
INTERVENTIONS THAT ANTAGONIZE 
CELLULAR DESTRUCTIVE PROCESSES 
DURING EVOLVING MYOCARDIAL 
INFARCTION 

With appropriate pharmacologic therapy, one may be 
able to prolong the window of time beyond which reperfu- 
sion may not ordinarily be protective.*° 

Temporary coronary artery occlusion and reperfu- 
sion: Reperfusion after temporary coronary artery occlu- 
sion, lasting <2 hours, preserves segmental function and 
reduces infarct size at sites of moderate segmental dys- 
function (Fig. 1).4° In animal models, myocardial infarc- 
tion is largely confined to the subendocardium, or a non- 
Q-wave infarct, when reperfusion is provided within 2 
hours of experimental coronary artery occlusion.* How- 
ever, if coronary artery occlusion lasts 24 hours, reperfu- 
sion does not reduce infarct size or preserve segmental 
function at left ventricular sites of moderate ischemic 
dysfunction in the canine heart (Fig. 2).4 Thus, in the 
canine heart, the window of time beyond which myocar- 
dial reperfusion does not reduce infarct size and protect 
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segmental ventricular function is between 2 and 4 hours 
of coronary artery occlusion.*> However, if one adminis- 
ters a ĝ blocker and a calcium antagonist beginning 90 
minutes after temporary coronary artery occlusion, the 
combination of a selected calcium antagonist (diltiazem) 
and a @ blocker (propranolol), in combination with reper- 
fusion, reduces infarct size and protects segmental ven- 
tricular function (Fig. 2).?> Neither diltiazem nor pro- 
pranolol protected segmental function in these studies, 
although some reduction in segmental infarct size was 
found at sites of moderate left ventricular dysfunction 
when the £ blocker or calcium antagonist was combined 
with reperfusion (Table I). Reperfusion with a 8 
blocker, after 1 hour of coronary artery occlusion, pre- 
vents -adrenergic agonist-induced increases in ischemic 
region cyclic adenosine monophosphate and activated 
phosphorylase concentrations. !> 

Protection by phospholipase inhibitors: In cultured 
neonatal rat myocytes, metabolic inhibitors, such as cya- 
nide and deoxyglucose or iodoacetate, cause high energy 
phosphate depletion and increases in myocyte calcium 
concentration in association with membrane phospholip- 
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TABLE I Macrohistochemically Determined Infarct Size (g/100 g) 


Hours of 


Occlusion Variable Saline 


2 Risk 

(group II) Total LV 
Infarct 
Risk 
Infarct 
Total LV 


19.7: £1.5 
22.7+4.9 


5.0+0.9 
(n = 13) 
4 Risk 
(group III) Total LV 
Infarct 
Risk 
Infarct 
Total LV 


19.8+ 2.4 
29.2 + 7.4 


TA+1.7* 
(n= 11) 


Propranolol and 


Propranolol Diltiazem Diltiazem 


23.8 + 2.3 18.4 + 1.9 


23.0 + 5.8 22.0+ 4.1 


4841.1 
(n= 7) 


5141.3 
(n = 6) 
19.3 + 2.1 


18.9 + 1.8 28.0 + 3.9 


213:+:3.6 15.7 + 4.9 8.9 + 5.4 
2.1 + 1.0' 


(n = 8) 


2.9+0.91 
(n = 9) 


4.3 + 0.8*1 
(n= 9) 


Values with different superscripts are significantly different from one another by 1-way analysis of variance and Duncan's multiple range test. Group || dogs had 2 hours of 
temporary coronary artery occlusion followed by 1 month of reperfusion. Group III dogs had temporary coronary artery occlusions of 4 hours followed by 1 month of reperfusion. 


LV = left ventricle. ms 
Adapted from Circulation.®? 


id degradation.”4 Phospholipase inhibitors added to meta- 
bolically injured myocytes allow better recovery of high 
energy phosphate concentrations and protection from 
marked excesses in cellular calcium loading.” 
Reperfusion-induced myocardial injury: With reper- 
fusion after periods of temporary coronary artery occlu- 
sion lasting 30 minutes to 1 hour, reactive oxygen species 
accumulate in injured myocardium and may contribute 
to myocardial cellular or vascular injury, or both.’>.”° 
Selected oxygen free radical scavengers prevent or atten- 
uate transient myocardial dysfunction associated with 
reperfusion after brief periods of coronary artery occlu- 
sion and reduce the extent of myocardial injury associ- 
ated with reperfusion.*° Similarly, selected calcium an- 
tagonists also prevent or attenuate transient myocardial 
dysfunction associated with reperfusion after temporary 
coronary artery occlusion (“myocardial stunning”). 
Reocclusion after temporary coronary artery occlu- 
sion and reperfusion: With endothelial injury at sites of 
coronary artery stenosis, platelets adhere and aggregate 
and release selective mediators, especially thromboxane 
A> and serotonin, that promote further platelet aggrega- 
tion and dynamic coronary artery vasoconstriction (Fig. 3 
and 4).28-49 Reocclusion after reperfusion therapy ap- 
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pears to be platelet mediated and may be prevented or 
markedly delayed by the administration of a platelet 
monoclonal antibody against the glycoprotein IIB-IIIA 
receptor?’ or with the combined administration of throm- 
boxane and serotonin receptor antagonists (Fig. 5).°?- 
Thus, platelet attachment and aggregation and release of 
thromboxane A> and serotonin are important in mediat- 
ing reocclusion after thrombolytic therapy in selected 
animal models, and reocclusion may be prevented or de- 
layed by using appropriate receptor antagonists or anti- 
platelet antibodies. 

Clinical trials with reperfusion and selected pharma- 
cologic intervention: Several recent studies have suggest- 
ed that the administration of selected 6 blockers, includ- 
ing metoprolol, early in the evolution of myocardial in- 
farction and continued thereafter reduces the risk of 
death and of nonfatal myocardial infarction in selected 
patients.*!42 A recent study sponsored by the National 
Heart, Lung, and Blood Institute (Thrombolysis in Myo- 
cardial Infarction Trial-2) evaluated the influence of tis- 
sue plasminogen activator alone and in combination with 
a 8 blocker in patients with acute myocardial infarction 
with symptoms lasting <3 hours.*! The 8 blocker with 
tissue plasminogen activator reduced the risk of recurrent 
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FIGURE 3. A representative recording from a dog with cyclic flow variations (CFVs) and abolition of the CFVs with the throm- 
boxane receptor antagonist (SQ29,548). Panel A, initial CFVs. Note the reccurring pattern of decline and restoration of mean 
and phasic left anterior descending arterial (LAD) flow. Panel B, a normal pattern of flow restored minutes after administration 
of SQ29,548. (Reproduced from Circ Res 1986;59:572, with permission of the American Heart Association). 
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FIGURE 4. A, the number of cyclic flow variations (CFVs) per hour in dogs during a control period, after abolition of CFVs by 
the serotonin receptor antagonist, ketanserin, and after reestablishment of CFVs during the infusion of serotonin into the left 
atrium. B, the severity of CFVs, obtained by averaging the 2 lowest mean flow velocity values (nadirs) as a percentage of con- 
trol, unconstricted blood flow velocity over a 30-minute interval, are shown for control CFVs and after ketanserin abolished 
CFVs. t The mean flow velocity nadir in serotonin-restored CFVs was taken as a percentage of mean flow velocity after infusion 
of serotonin but before the restoration of CFVs. (** p <0.05, significantly different from control, unconstricted coronary blood 
flow velocity; * p <0.05, significantly different from coronary blood flow velocity during infusion of serotonin and before CFVs 
were restored.) These studies were performed in anesthetized, open-chest dogs with severe coronary artery stenosis and endo- 
thelial injury, and they demonstrate that the serotonin receptor antagonist, ketanserin, markedly reduces the frequency of CFVs 
and the administration of serotonin reestablishes the CFVs thereafter. (Reproduced from Circulation 1989;73:576, by permis- 


sion of the American Heart Association.) 


nonfatal reinfarction and myocardial ischemia.*! The 
protective effect of 6 blockers without intrinsic sympatho- 
mimetic effects in the hours to months to years after 
myocardial infarction is most likely related to the preven- 
tion of hemodynamic variable alterations that may lead 
to myocardial infarction or may directly protect against 
catecholamine-induced arrhythmias.*?-** 

Permanent coronary artery occlusion: If the period 
of coronary artery occlusion lasts several hours, protec- 
tive interventions are relatively limited in their ability to 
prevent progressive myocardial necrosis and the loss of 
segmental ventricular function. Selected pharmacologic 
interventions, including 8 blockers, hyaluronidase, in- 
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creases in serum glucose or serum osmolality caused by 
hypertonic mannitol administration, may reduce the ex- 
tent of infarction when given as pretreatment or very 
early after coronary artery occlusion when the period of 
coronary artery occlusion is relatively short, i.e., 40 min- 
utes to 1 hour.'4° However, longer periods of coronary 
artery occlusion usually require reperfusion to limit in- 
farct size and protect segmental function. 


FUTURE CLINICAL STUDIES 
THAT ARE NEEDED 

Reperfusion, when accomplished early in patients 
with evolving anterior Q-wave infarcts may limit infarct 
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FIGURE 5. In an anesthetized, open-chest dog with a copper coil positioned in the proximal left anterior descending artery 
(LAD), an intracoronary thrombus developed within a few minutes (panels A and B in the top 2 panels). Subsequently, the ad- 
ministration of tissue plasminogen activator intravenously (80 ug bolus followed by 8 yg/kg/min) reestablished coronary blood 
flow (panel C in the top 2 panels). However, coronary artery thrombosis developed once again and flow was restored by the si- 
multaneous administration of a thromboxane and serotonin receptor antagonist (panel D in the top 2 panels). (Reproduced from 
Circulation 1988;77:678-—684, by permission of the American Heart Association.) 
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size and protect segmental and global ventricular func- 
tion.*’:48 Early reperfusion may also be protective,” with 
inferior infarcts that involve the lateral, right ventricular 
or true posterior surface, in addition to the diaphragmatic 
wall. In future clinical studies, it will be important to 
learn whether selected therapy that antagonizes cellular 
destructive processes caused by myocardial ischemia will 
complement and be additive to reperfusion in the reduc- 
tion of infarct size and preservation of ventricular func- 
tion. Pharmacologic strategies that should be tested sin- 
gly and in combination include some of the following: (1) 
free radical scavengers; (2) phospholipase inhibitors; (3) 
selected 6 blockers without intrinsic sympathomimetic 
activity; (4) selected calcium antagonists; and (5) phar- 
macologic strategies aimed at preventing reocclusion af- 
ter thrombolysis, including serotonin and thromboxane 
receptor antagonists and monoclonal antibodies directed 
against platelet aggregation and adhesion. 
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Arrhythmias and Mortality in 
Congestive Heart Failure 


John Kjekshus, MD 


The extent and severity of myocardial dysfunction 


and risk of dying are associated with the occur- 
rence of ventricular arrhythmias. However, there is 
a dissociation between the frequency of ventricular 
arrhythmias and the prevalence of sudden death 
among patients with congestive heart failure. Sud- 
den death occurs in 8 to 10% of New York Heart 
Association functional class | patients and in 20% 
of class Il, lll and IV patients, despite increased 
frequency of malignant arrhythmias and functional 
deterioration. Yearly mortality rates increase from 
12 to 15% in class | and Il and is 60% in class IV. 
Sudden death in class | and Il is 50 to 60% of all 
deaths, whereas in class IV it amounts to only 20 
to 30%. The most important cause of death in class 
IV is progressive congestive heart failure. 

Ventricular arrhythmia is a trigger event in the 
development of fatal arrhythmia which depends on 
a substrate of myocardial scar tissue, hypertrophy 
and aberrant conducting pathways. However, re- 
gional myocardial ischemia, transmembrane elec- 
trolyte differences and myocardial stores of cate- 
cholamines are important modulators. Depletion of 
myocardial catecholamines and down-regulation of 
myocardial 6-adrenergic receptors in the myocardi- 
um may explain tolerance to ventricular tachyar- 
rhythmias observed in patients with severe conges- 
tive heart failure and intolerance to conventional 
antiarrhythmic drugs. 

Although angiotensin-converting enzyme (ACE) 
inhibitors may reduce ventricular arrhythmias, the 
important role of ACE inhibitors in severe conges- 
tive heart failure is to prevent progression of myo- 
cardial dysfunction and congestive heart failure. To 
date, however, ACE inhibitors have not been dem- 
onstrated to have a significant effect on the inci- 
dence of sudden death. This does not preclude an 
effect on fatal arrhythmias among patients with 
milder heart failure and intact stores of myocardial 
catecholamines. 

(Am J Cardiol 1990;65:42 I-48 I) 
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a high incidence of ventricular arrhythmia and sud- 

den death.!-!! It is generally assumed that ventric- 
ular arrhythmia may degenerate to ventricular fibrilla- 
tion, the fatal arrhythmia in most patients who die sud- 
denly.!°-'* Patients with frequent arrhythmias usually 
have extensive coronary artery disease which is often 
associated with recent myocardial infarction, hypertro- 
phy and dysfunction.!°-!? The extent of myocardial dys- 
function is clearly related to overall mortality and cardiac 
death.*9 The prevalence of malignant arrhythmias, espe- 
cially nonsustained ventricular tachycardia (VT), is also 
related to the extent of myocardial dysfunction. Func- 
tional derangement of patients is associated with in- 
creased nonsustained VT, as revealed by 24-hour electro- 
cardiogram, in less than 10% of patients in New York 
Heart Association functional class I to 70% among class 
IV patients (Fig. 1).747220-22 The question remains, 
however, whether there is an independent role of ventric- 
ular ectopic activity as a determinant for sudden death or 
if it is incidental to the myocardial dysfunction. 


P atients with chronic congestive heart failure have 


ARRHYTHMIAS IN CONGESTIVE 
HEART FAILURE 

The trigger event to VT is assumed to be reentrant 
activity, or enhanced automaticity, induced by a sub- 
strate of arrhythmogenic myocardium (Table I). This 
involves extensive scarring, dilatation and hypertrophy of 
the myocardium. The occasional degeneration of ar- 
rhythmias to ventricular fibrillation may be modulated 
by severe myocardial ischemia or by loss of autonomic 
control with increased neurohormonal activation and loss 
of inhibitory vagal activity.?>?4 An increase in myocardi- 
al wall tension and heart rate frequently observed in con- 
gestive heart failure may contribute to regional myocar- 
dial ischemia, resulting in marked dispersion of the mem- 
brane potential which may further enhance electrical 
instability. Electrolyte disturbances, especially hypokale- 
mia and hypomagnesemia, are caused by elevation of 
circulating catecholamines, angiotensin and aldosterone, 
and from use of diuretics and digitalis and are associated 
with increased occurrence of ventricular fibrillation. In 
addition, catecholamines increase the automaticity of 
Purkinje fibers by increasing the slope of phase 4 depolar- 
ization. Therapy with antiarrhythmic drugs, digitalis, 8- 
adrenergic agonists and phosphodiesterase inhibitors 
may be arrhythmogenic by enhanced triggering of ectop- 
ic activity or subsequently to their depressant effect on 
the myocardium (i.e., these drugs may be arrhythmo- 
genic either directly, by precipitating ventricular dilata- 





FIGURE 1. The relationship 
between New York Heart As- 
sociation (NYHA) functional 
class and the prevalence of 
nonsustained ventricular 
tachycardia adapted from 8 
different studies.2—4,7,9,20-22 


% Prevalence of Ventricular Tachycardia 


tion, or secondarily to the chronotropic and inotropic 
effects that may aggravate the myocardial oxygen de- 
mand/supply ratio). 


MODE OF DEATH IN CONGESTIVE 
HEART FAILURE 

The major causes of death in congestive heart failure 
are sudden death and death from progressive heart fail- 
ure. More infrequent causes of death are myocardial 
rupture, asystole, stroke and death from noncardiac ori- 
gins (Table II). Sudden death is assumed to be death 
resulting from cardiac arrhythmia. Sudden death, de- 
fined as unexpected death within 1 hour after onset of 
symptoms, is presaged by arrhythmias in 90% of all such 
events.!° Ventricular fibrillation was the terminal rhythm 


TABLE I Arrhythmias and Sudden Death in Congestive Heart 
Failure 


Triggering activities 
Reentrant activity 
Enhanced automaticity 
Delayed after potentials 
Myocardial substrates 
Scar tissue 
Aneurysm 
Hypertrophy 
Ventricular dilatation 
Ventricular dysfunction 
Modulating events 
Myocardial ischemia 
Electrolyte deficits 
Myocardial release of cathecholamines 
Sympatoadrenergic activation 
Myocardial stretch 
Antiarrhythmic drugs 
Inotropic drugs 
Diuretics 


NYHA Functional Class 


in 81% of cases of sudden death!3 and was preceded by 
VT in most patients. The occurrence of malignant ar- 
rhythmias, especially VT, has been assumed to be instru- 
mental in precipitating sudden death. Therefore, VT has 
been assumed to be of prognostic importance and accord- 
ingly should be treated to prevent sudden death.?5.6 
The association between VT and death ‘is probably 
independent of etiology. Ikegawa et al2’ showed that in 
patients with idiopathic cardiomyopathy the incidence of 
sudden death was highly predictable when occurrence of 
nonsustained VT and frequent ventricular premature 
complexes (VPCs) of more than 100/hour were com- 
bined. Bigger et al% demonstrated that nonsustained VT 
had marked effects on survival and on arrhythmic death 
among patients after infarction. However, the 92 patients 
with VT were sicker than the 728 without VT. Yet; when 
adjustments were made for recorded differences in risk 
variables, the presence of VT nearly doubled the risk’ of 
dying within a 31-month follow-up period. Other impor- 
tant risk variables may have been operative as well. Epi- 
sodes of silent ischemia, neurohormonal activation, ex- 
tent of myocardial dysfunction and hypertrophy were not 


TABLE Il Mode of Death in Congestive Heart Failure 


Sudden death (<1 hour) 
Ventricular fibrillation ` 
Progressive myocardial failure 
~ Asystole aay 
Secondary ventricular fibrillation 
Recurrent myocardial infarction 
Other circulatory disorders 
Myocardial rupture 
Stroke — 
Pulmonary embolism 
Noncardiac cause 
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Sudden Death in Proportion to All Deaths 
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FIGURE 2. The proportion of 
all deaths caused by sudden 
death according to 1-year 
mortality among patients in 
New York Heart Association 
(NYHA) class I to IV adapted 
from 11 different studies.!-1! 
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determined in this study and may have accounted for 
observed differences between groups. 

Congestive heart failure appears to be an ill-defined 
heterogenous syndrome and mode of death seems to dif- 
fer according to different expressions of the syndrome. 
Total mortality among patients with mild heart failure is 
low. However, the proportion of patients dying suddenly 
is large; 50 to 70% of all deaths are sudden in class I and 
Il!!! Serious arrhythmias are relatively infrequent 
among these patients. The occurrence of malignant ar- 
rhythmia increases with the severity of the myocardial 
dysfunction (Fig. 1). Patients in class III and IV have an 
overall yearly mortality of 40 to 60%. The proportion of 
patients dying suddenly, relative to all deaths, amounts to 
less than 30% (Fig. 2). The major cause of death in severe 
congestive heart failure (class IHI and IV) is from pro- 
gressive deterioration of myocardial function, whereas 
the rate of sudden death remains comparable to that in 
class II and accounts for 10 to 30% of all patients irre- 
spective of functional class (Fig. 3). Analysis of arrhyth- 
mias and mode of death reported in studies of congestive 
heart failure according to functional class therefore sug- 
gests no clear association between occurrence of ventricu- 
lar arrhythmias and sudden, presumably, arrhythmic 
death. 


ARRHYTHMIC DEATH AND 
NEUROHORMONAL ACTIVITY 

Patients with severe congestive heart failure have high 
levels of circulating catecholamines that are closely relat- 
ed to a poor prognosis.**,*.? Increased neurosympathetic 
stimulation down-regulates myocardial 8 receptors,*° 
and myocardial catecholamine stores are markedly de- 
pleted?! because of reduced reuptake of released cate- 
cholamines.32 Experiments in dogs have shown that ven- 
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tricular fibrillation occurs when myocardial ischemia is 
coupled with sympathetic nervous stimulation of the 
myocardium and catecholamine excess from the myocar- 
dium. After severing the stellate ganglion, the myocardi- 
um became tolerant to the same ischemia, and ventricu- 
lar arrhythmias were no longer inducible.’ Depletion of 
catecholamine stores by reserpine prevented ventricular 
fibrillation during experimental coronary occlusion. The 
dissociation between frequently occurring ventricular 
tachyarrhythmias and the relatively low prevalence of 
sudden death in severe congestive heart failure may be 
related to depletion of myocardial catecholamine stores 
and consequent blunting of the modulating effect on trig- 
ger events. 


ARRHYTHMIC DEATH AND 
MYOCARDIAL ISCHEMIA 

Lack of neurohormonal control is associated with a 
high risk of dying among patients with myocardial dys- 
function.2? This is reflected in monotonous tachycardia 
with very low variation in beat-to-beat RR interval. Re- 
gional myocardial ischemia and release of myocardial 
catecholamines together with loss of vagal control may 
therefore have an important enhancing effect on the trig- 
gering activity. Recordings of 24-hour electrocardio- 
grams, obtained in patients dying suddenly, have shown 
that immediate precursors of sudden death, in addition to 
frequent ventricular ectopic activity, was ST-segment de- 
viation before ventricular fibrillation.” Frank myocardi- 
al infarction may be the initiating event that caused ar- 
rhythmias; however, coagulation myocytolysis necrosis is 
found in 71% of the patients dying suddenly.*>?° This 
finding is typically associated with states of excessive 
catecholamine excretion. The autopsy findings of Davies 
and Thomas?’ showed that 74% of the patients who died 





FIGURE 3. Prevalence of to- 
tal (broken line) and sudden 
death (solid line) by New 
York Heart Association 
(NYHA) functional class and 
1-year mortality adapted 
from 6 different stud- 

jes, 1:2:4,6,9,11 
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unexpectedly, i.e., within 6 hours, had subocclusive intra- 
luminal thrombi; 20% had plaque fissures and very few, 
5%, did not have occlusive lesions. This finding lends 
support to the importance of episodes of regional isch- 
emia and catecholamine release as a contributing mecha- 
nism. 


ARRHYTHMIC DEATH AND INTERVENTION 

Recent information from the Cardiac Arrhythmia 
Suppression Trial, a prospective double-blind, random- 
ized trial, suggested that conventional antiarrhythmic 
drugs may actually increase mortality among patients in 
mild to moderate heart failure after acute myocardial 
infarction.*°? Generally, information from studies on 
mild to moderate heart failure is not applicable to pa- 
tients with severe heart failure. Class IV patients have not 
been studied with respect to the effect of antiarrhythmic 
treatment on mortality because of their overall low toler- 
ance to conventional antiarrhythmic drugs. A trend 
toward increasing mortality with milrinone suggests that 
inotropic drugs may be harmful as well.*° In contrast, 8- 
receptor antagonists that block sympathetic stimulation 
of the myocardium have been shown to reduce mortality 
and sudden death, specifically, during and after acute 
myocardial infarction.®*! This effect is not associated 
with an effect on ventricular tachyarrhythmias.*! Protec- 
tion by 8 blockade is not restricted to patients with coro- 
nary disease; similar results are suggested by studies in 
patients with dilated cardiomyopathy without coronary 
artery disease.** Prevention of myocardial ischemia by 
reducing heart rate seems to be instrumental in prolong- 
ing survival. Experience from coronary surgery sug- 
gests that prevention of ischemia by revascularization of 
main stem lesions prevents death within 24 hours after 
onset of symptoms.*4 


ll 
NYHA Functional Class 


It has been suggested that reduction of myocardial 
pre- and afterload by nitrates and angiotensin-converting 
enzyme (ACE) inhibitors, which improves myocardial 
residual flow, can reduce ventricular arrhythmias in pa- 
tients with mild to moderate heart failure.4>-47 Only 1 
mortality study has been performed with vasodilators 
among patients with severe congestive heart failure who 


are prone to frequent arrhythmias.’ The Cooperative 
North Scandinavian Enalapril Survival Study (CON- 
SENSUS) studied patients with severe heart failure 
(New York Heart Association class IV). Patients (n = 
253) were randomized to treatment with placebo and the 
ACE inhibitor enalapril. One-year mortality among pa- 
tients taking placebo was 52% and among those taking 
enalapril 36%. The major cause of death in the CON- 
SENSUS was progressive heart failure. Treatment ef- 
fects were accounted for by the subset of patients for 
which prevention of progressive deterioration of heart 
failure was obtained (Fig. 4). Patients who died unex- 
pectedly, within | hour after onset of symptoms, account- 
ed for 20% of all deaths and no treatment effect could be 
documented with this subset (Fig. 5). This latter observa- 
tion is at variance with previous studies of patients with 
moderate heart failure demonstrating a reduction of ven- 
tricular ectopic activity with ACE inhibitors.45-47 The 
differential effect of enalapril on progressive heart failure 
and sudden death was consistent among patients with 
myocardial dysfunction caused by ischemic as well as 
nonischemic heart disease.”4* The subset of patients dy- 
ing suddenly was small, and it may be argued that classi- 
fication of death may be influenced by the effect of enala- 
pril on the clinical condition. However, death was blindly 
classified by 2 independent investigators. 

A subset of patients in the CONSENSUS were exam- 
ined with 24-hour electrocardiographic analyses at base- 
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line and after 6 weeks of treatment. All patients had 
frequent VPCs, averaging 200 to 300 VPCs/hour. There 
was no difference between survivors and deceased with 
respect to ectopic activity. Seventy percent of all the 
patients had nonsustained VT at baseline. No difference 
in the rate of subsequent 6-month mortality was observed 


Cumulative Mortality % 


FIGURE 4. Mortality due to progression of con- 
gestive heart failure—intention to treat analysis in 
the Cooperative North Scandinavian Enalapril 
Survival Study. (Adapted with permission from 
Am J Cardiol.**) 


Enalapril 


irrespective of whether VT was present or not. Reduction 
in ventricular ectopic activity was not related to change in 
mortality or mode of death. 

All patients were examined with respect to neurohor- 
monal activation at baseline and at 6 weeks. In general, 
catecholamines, angiotensin, aldosterone and atrial natri- 


Placebo 


FIGURE 5. Mortality due to sudden death within 1 hour (life-table analysis) in the Cooperative North Scandinavian Enalapril 
Survival Study. (Adapted with permission from Am J Cardiol.**) 
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uretic peptide (ANP) were greatly elevated. Neurohor- 
monal activation was variable in all patients; however, no 
relationship was found between catecholamines, angio- 
tensin II or aldosterone and the occurrence of ventricular 
VPCs or VT. 

In contrast, ANP was related to occurrence of VT. 
ANP released after increased stretch of the atria reflect- 
ed increased left ventricular filling pressures. Patients 
with VPCs combined with runs of VT had higher ANP 
concentrations than patients with VPCs alone. This sug- 
gests that VT is dependent on myocardial dysfunction 
and may explain the association between VT and progno- 
sis. !> 

Enalapril effectively reduced ANP after 6 weeks of 
treatment, whereas ANP in the placebo group remained 
unchanged.’ The reduction in ANP may reflect a reduc- 
tion in filling pressure and improved hemodynamic condi- 
tions during administration of enalapril and may explain 
the reduction of arrhythmias observed with ACE inhibi- 
tors.4>:46 

Lack of relationship between changes in norepineph- 
rine, angiotensin, aldosterone and ventricular arrhyth- 
mias does not preclude the importance of myocardial 
neurohormonal activation as a mechanism for fatal ar- 
rhythmias. Down-regulation of myocardial 8 receptor 
and depletion of myocardial catecholamine stores in these 
patients may confer relative protection against arrhyth- 
mias. 

The neurohormones are important predictors of death 
in congestive heart failure.*? By combining the neurohor- 
mones at baseline, a predictive score was derived that 
defined a 6-month mortality of 20% among nonactivators 
to almost 100% among patients with the largest neuro- 
hormonal activation.” These scores identified a group of 
high activators with marked effect of enalapril on overall 
mortality and a group of low activators without docu- 
mented effect of enalapril on mortality. Patients who died 
from progressive heart failure were almost exclusively 
among high activators, whereas sudden death was evenly 
distributed among high and low activators. High circulat- 
ing hormonal activity in this study is therefore not a 
predictor of increased susceptibility to sudden death, but 
may predict death from progression of congestive heart 
failure. The level of circulating hormonal activity also 
identified patients who benefited from ACE inhibitor 
treatment. Reduced stores of myocardial catecholamines 
or blocking of 6 receptors may be clinically important in 
blunting the modulating effect of sympathetic stimula- 
tion on ventricular arrhythmias. 


CONCLUSION 

The extent of myocardial dysfunction is associated 
with increased occurrence of malignant arrhythmias, yet 
in severe congestive heart failure, death is generally 
caused by progression of congestive heart failure and not 
sudden death. Sudden death is more often observed 
among asymptomatic or less symptomatic patients. It is 
unclear whether ACE inhibitors reduce arrhythmias in 
congestive heart failure, and so far ACE inhibition has 


only been demonstrated to cause fewer deaths from pro- 
gressive congestive heart failure, not sudden death. 
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Renal Protective Effects of Angiotensin- 
Converting Enzyme Inhibition 


William F. Keane, MD, and Bruce E. Shapiro, MD 


Nephron loss is a common progression of a diverse 
range of kidney diseases. Recent experimental 
models of chronic renal disease have suggested 
that hemodynamic and nonhemodynamic mecha- 
nisms play key roles in progressive renal injury. 
Extensive renal ablation in the rat was followed by 
development of altered glomerular hemodynamics. 
Albuminuria and histologic damage leading to focal 
glomerulosclerosis were preceded by the develop- 
ment of increased glomerular pressures and were 
prevented by interventions such as severe dietary 
protein restriction and angiotensin-converting en- 
zyme (ACE) inhibitor therapy. Both experimental 
interventions ameliorated glomerular hypertension. 
It was therefore concluded that these interventions 
ameliorated injury by glomerular hemodynamic ef- 
fect. Similar findings were obtained in a rat model 
of type I diabetes mellitus induced by streptozoto- 
cin in which glomerular hemodynamic factors ap- 
peared important to the development of progressive 
renal disease. Recent studies have suggested that 
nonhemodynamic factors have important roles in 
the progression of glomerular injury. For example, 
although the predominant effects of ACE inhibitor 
therapy appear to be hemodynamically mediated, 
data are emerging which suggest that these agents 
may also influence growth/proliferation of glomeru- 
lar cells. Because hyperplasia/hypertrophy may in- 
fluence glomerular susceptibility to injury, this may 
also be a potential mechanism whereby ACE inhibi- 
tor therapy influences glomerular damage. In addi- 
tion, a variety of studies have suggested that 
hyperlipidemia, which is a frequent accompaniment 
of glomerular disease, is an important modulator of 
glomerular injury independent of glomerular hemo- 
dynamic effects. Coagulation factors, calcium phos- 
phorus balance, as well as the genetic susceptibility 
of the glomerulus to injury, all appear to contribute 
to progressive nephron destruction. 

(Am J Cardiol 1990;65:49 I-53 I) 
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linical studies of angiotensin-converting en- 
í zyme (ACE) inhibitor therapy in renal disease, al- 

though preliminary, have demonstrated the anti- 
hypertensive efficacy of these agents. ACE inhibitor ther- 
apy produces only modest changes in glomerular filtra- 
tion rate while increasing renal plasma flow. Most studies 
of nondiabetic patients with renal disease have shown a 
reduction in protein excretion after ACE inhibitor treat- 
ment, whereas studies in diabetics have shown a more 
varied response of proteinuria during ACE inhibitor 
treatment. Preliminary, uncontrolled studies have sug- 
gested that ACE inhibitor therapy may alter the rate of 
progression of renal disease, and well controlled studies in 
diabetic and nondiabetic patients with renal disease have 
now been initiated. 

It is relatively well established that once a critical 
number of nephrons are destroyed by disease, renal func- 
tion will decline even in clinical situations in which the 
original cause of injury has resolved. Factors, such as 
severity of disease, uncontrolled hypertension, obstruc- 
tion and renal parenchymal infection have long been rec- 
ognized as contributing to the progression of renal dis- 
ease. However, recent investigations have indicated that a 
variety of other factors may also influence the rate of 
progression of end-stage renal failure. These factors, 
which are often a consequence of a reduced nephron 
population, may also participate in injuring the remain- 
ing nephrons. It has been proposed that the adaptive 
changes in glomerular hemodynamics, e.g., increased glo- 
merular pressure that occurs in remaining functioning 
nephrons may play a critical role in the progression of 
renal disease.! Importantly, nonhemodynamic factors 
have also been identified as contributing to glomerular 
injury. For example, hyperlipidemia, which is a frequent 
abnormality in progressive renal insufficiency, has been 
experimentally shown to be a risk factor for progressive 
glomerular damage independent of glomerular hemody- 
namics. It has been postulated that progressive glomeru- 
lar injury may have similar risk factors as has been pro- 
posed in large vessel atherosclerotic injury. A better un- 
derstanding of the factors that contribute to progressive 
renal disease is underscored by the 30,000 new patients 
requiring treatment, as well as by the 3.5 billion dollar 
yearly expenditure needed for the care of patients with 
end-stage renal disease. 


GLOMERULAR HEMODYNAMIC 
ALTERATIONS AND THE PROGRESSION 
OF RENAL DISEASE 

Experimental models of renal disease have been devel- 
oped in an attempt to clarify the factors involved in pro- 
gressive decline of renal function. The most extensively 
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TABLE I Interventions Shown to Ameliorate Progressive 
Renal Injury in the Renal Ablation Model of Progressive Renal 
Insufficiency 


Dietary Modification 
Protein restriction 
Phosphate restriction 
Carbohydrate (energy) restriction 
Polyunsaturated fatty acid supplementation 
Exercise 
Antihypertensive agents 
Enalapril (angiotensin-converting enzyme inhibitor) 
Verapamil (calcium channel blocker) 
Lipid lowering agents 
Clofibrate 
Lovastatin 
Thromboxane synthetase inhibitor 
Anticoagulants 
Heparin 
Coumadin 


studied is the rat remnant kidney model. In this model, 
renal insufficiency is induced by unilateral nephrectomy 
and infarction of two-thirds of the remaining kidney. 
Soon after this ablative procedure, remaining nephrons 
hypertrophy and glomerular capillary flow and hydraulic 
pressure increases. Systemic hypertension, proteinuria, 
and histologically, focal segmental glomerulosclerosis 
predictably develop over a period of 2 to 3 months. Pro- 
gressive azotemia and eventual death of the animal en- 
sues.!-8 A critical factor in progressive glomerular de- 
struction appears to be the hemodynamic change within 
the glomerulus induced by the loss of renal mass, specifi- 
cally, glomerular hypertension.> Under normal circum- 
stances, the glomerular capillary bed is protected from 
systemic hypertension by increases in afferent arteriolar 
resistance. However, in the setting of reduced nephrons 
and in an attempt to compensate for their loss, afferent 
arteriolar resistance decreases, thereby increasing single 
nephron plasma flow rate. Systemic hypertension may 
then be transmitted to the glomerulus, resulting in glo- 
merular hypertension and ultimately glomerular damage 
and functional loss. 

In the remnant kidney model, seemingly unrelated 
interventions have been observed to attenuate glomerular 
injury, with a corresponding decline in the rate of disease 
progression (Table I). One such intervention is dietary 
protein restriction, which reduces compensatory glomer- 
ular hypertrophy and decreases glomerular plasma flow 
rate. Although the development of systemic hypertension 
is not affected by this maneuver, glomerular capillary 
pressures remain normal and the development of protein- 
uria and glomerular injury are blunted.>” 

Recent studies have been performed using antihyper- 
tensive therapy aimed at reducing systemic pressure. In 
these studies, enalapril was compared with conventional 
hypertensives (“triple therapy”) consisting of reserpine, 
hydralazine and hydrochlorothiazide. Despite similar re- 
ductions in blood pressure, only in enalapril-treated rats 
was urinary protein excretion dramatically reduced, re- 
flecting amelioration of glomerular damage. Survival was 
also prolonged in rats treated with ACE inhibitors.!°-!° 
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This effect was seen in the absence of major alterations in 
glomerular filtration or plasma flow rates, although glo- 
merular pressure was dramatically reduced. These data 
suggested that glomerular hypertension was a primary 
factor responsible for development of progressive glomer- 
ular injury. Despite adequate control of systemic hyper- 
tension in rats treated with “triple therapy,” there was no 
reduction in glomerular pressures nor alteration in the 
course of their progressive renal disease.'* The disparity 
between the actions of ACE inhibitors and other classes 
of antihypertensives in the reduction of glomerular hyper- 
tension appeared to hinge on the ability of the ACE 
inhibitor to lower efferent arteriolar resistance, a proper- 
ty that appeared unique to ACE inhibitors compared 
with other classes of antihypertensive agents.'’-*° 

In addition to preventing the development of glomeru- 
lar disease in the renal ablation model, both protein re- 
striction and ACE inhibitor therapy have been shown to 
reduce the rate of progression of established disease.” !! 
In these studies, both enalapril and protein restriction 
limited glomerular capillary pressure and retarded glo- 
merular injury even when therapy was delayed until sys- 
temic hypertension, proteinuria and glomerulosclerosis 
were well established. 

Glomerular hemodynamic changes appeared to play a 
key role in the development of renal disease in an experi- 
mental model of type I diabetes mellitus. Insulin-depen- 
dent diabetes was induced by streptozotocin, and rats 
so treated subsequently developed characteristic mor- 
phologic glomerular changes, including hypertrophy, 
basement membrane thickening, hyaline deposition and 
glomerulosclerosis.?!?? Studies of glomerular hemody- 
namics, soon after establishment of diabetes, have dem- 
onstrated increased glomerular filtration rate and 
flows.23 In some studies, an increased glomerular capil- 
lary pressure has been noted.??4 In these diabetic rats, 
albuminuria gradually increased and glomerulosclerosis 
became evident over a 14-month interval. Functional glo- 
merular and morphologic changes occurred in the ab- 
sence of systemic hypertension. When enalapril was ad- 
ministered to these normotensive diabetic rats, in doses 
that produced a reduction of systemic blood pressure by 
15 to 20 mm Hg, a selective decrease in glomerular capil- 
lary pressure was observed.”>4 Proteinuria was reduced 
and the development of glomerulosclerosis was prevent- 
ed.23:24 The effect of enalapril on glomerular capillary 
pressure was the result of a significant reduction in effer- 
ent arteriolar resistance. 


NONHEMODYNAMIC FACTORS INVOLVED IN 
THE PROGRESSION OF RENAL DISEASE 

Other experimental studies of renal disease have sug- 
gested that hemodynamic factors are not the sole cause of 
progressive glomerular injury. This was initially suggest- 
ed by studies using anticoagulants.*° Specifically, heparin 
was shown to reduce the incidence of glomerulosclerosis 
in the renal ablation model without affecting glomerular 
hemodynamics.”© This effect was probably not a result of 
heparin’s anticoagulant properties, because low molecu- 
lar weight heparin, which is devoid of anticoagulant ef- 





TABLE Il Effect of Angiotensin-Converting Enzyme Inhibitors in Type | Diabetes Mellitus 


Duration 
(mo) 

Mimran37 

Marre38 

Hommel39 

Passa‘ 

Morelli#2 

Bjork*3 


* Statistically different from baseline. 
GFR = glomerular filtration rate; MAP = mean arterial pressure; A = change. 


fects, also reduced glomerular injury in rats with renal 
ablation.*’ The precise mechanism whereby heparin mol- 
ecules reduce glomerular injury is unknown, but heparin 
is known to have cell growth inhibitory properties in a 
variety of in vitro settings. Specifically, heparin has been 
shown to inhibit glomerular mesangial cell growth in a 
dose-dependent fashion.”° 

Therapy with lipid-lowering agents also appears to 
have a significant impact on the progression of renal 
disease. In the renal ablation model, therapy with clofi- 
bric acid or lovastatin effectively decreased hyperlipide- 
mia.’’ Importantly, these therapies dramatically reduced 
proteinuria and the incidence of glomerulosclerosis inde- 
pendent of changes in systemic blood pressure or glomer- 
ular hemodynamics.” These antilipemic agents have 
been also used in the obese Zucker rat, a model of type II 
diabetes mellitus with hyperlipidemia and progressive 
glomerular disease.?0-33 In this model, neither systemic 
nor glomerular hypertension appeared to participate in 
the development of glomerular injury.°°3! Moreover, re- 
duction in circulating cholesterol was associated with a 
decrease in albuminuria and preservation of glomerular 
structure.** These beneficial effects occurred without af- 
fecting systemic blood pressure or glomerular hemody- 
namics. 

The possibility that inhibition of ACE might be asso- 
ciated with other nonhemodynamic effects was recently 
Suggested by studies in a model of persistent nephrotic 
syndrome induced by the aminonucleoside of puromy- 
cin.** In these studies, amelioration of glomerular injury 
by captopril occurred without reduction in glomerular 
capillary pressure.** More recently, studies in obese 


Albuminuria 
Initial 
(mg/24 hour) 


Initial 
(ml/min) 


Zucker rats have suggested a nonhemodynamic effect of 
ACE inhibitors. Obese Zucker rats treated with enalapril 
for 8 months had a significant reduction in albumin- 
uria.” Importantly, the progressive increase in cholester- 
ol levels that parallels albuminuria were not observed.25 
Morphologically, a fivefold reduction in the extent of 
glomerular injury was also found. Although systemic 
blood pressure was normal, it was reduced by 10 to 15 
mm Hg; no change in glomerular capillary pressure was 
observed. Renal and glomerular growth was significantly 
less in enalapril-treated obese Zucker rats.35 These stud- 
ies further suggested a nonhemodynamic benefit from 
ACE inhibitor therapy. The mechanism of these effects is 
not understood, but may be related to an effect of angio- 
tensin II on renal tubular and glomerular cell growth.*¢ 
In summary, experimental results suggest that ACE in- 
hibitors may exert their renal effects through hemody- 
namic as well as nonhemodynamic mechanisms. 


CLINICAL STUDIES OF THE USE OF 
ANGIOTENSIN-CONVERTING ENZYME 
INHIBITORS IN PATIENTS 
WITH RENAL DISEASE 

Experience with the use of ACE inhibitors in human 
renal disease is expanding rapidly. There are no complet- 
ed double-blind, randomized, controlled trials comparing 
these agents with conventional antihypertensive agents in 
patients with renal impairment. Promising results sug- 
gested by experimental studies, previously outlined, have 
instigated a number of trials investigating the effects of 
ACE inhibitor therapy in human renal disease. In diabet- 
ic patients (Table II) with persistent microalbuminuria, 


TABLE Ill Effects of Angiotensin-Converting Enzyme Inhibitors on Systemic Blood Pressure, Renal Function and Proteinuria in 


Patients with Nondiabetic Chronic Renal Insufficiency 


Blood 
Pressure 
Response 


Months of 


Treatment Proteinuria 


Cooper?! 
Reams*° 
Heeg*6 
Bauer’? 
Heeg”? 
Ruilope®3 


C = captopril; E = enalapril; FF = fillration fraction; GFR = glomerular fillration rate; L = lisinopril; NR = not recorded; RBF = renal blood flow; t = increase; | = decrease; <> = no 
change. 
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normal glomerular function and normal blood pressure, 
captopril slightly reduced systemic blood pressure.’ 
This result was associated with a decline in albuminuria 
and an increase in glomerular filtration rate (GFR) and 
renal plasma flow. In slightly hypertensive diabetic pa- 
tients with incipient nephropathy, ACE inhibitor therapy 
administered over a 12-week period significantly de- 
creased blood pressure and decreased albuminuria by 
30%, whereas GFR decreased slightly from 99 to 92 ml/ 
min/1.73 m?. ?? 

In established diabetic nephropathy, treatment with 
ACE inhibitors produced a variable effect on protein- 
uria.39-44 In 1985, Taguma et al*! reported a 50% reduc- 
tion in urinary protein excretion in 10 patients with heavy 
proteinuria treated for 8 weeks with an ACE inhibitor. 
Other investigators, however, have reported no signifi- 
cant change in protein excretion rates during ACE inhibi- 
tor therapy in clinical diabetic nephropathy.***° In a re- 
ported study of hypertensive type H diabetics with renal 
disease, captopril reduced systemic blood pressure with- 
out significantly changing GFR or renal plasma flow. 
Proteinuria was reduced by nearly 25%, but this was not 
statistically significant.** 

When ACE inhibitor therapy has been instituted in 
nondiabetic patients with chronic renal disease (Table 
III), reductions in proteinuria (—50%) have been report- 
ed both in short-term studies and in long-term evalua- 
tions.45-52 However, not all patients with proteinuria had 
reductions in protein excretion rates during ACE inhibi- 
tor therapy. Recent studies have suggested that the sodi- 
um status of the patient is critical to the effect on protein- 
uria; i.e., the reduction of proteinuria seen with ACE 
inhibitor therapy can be abrogated by a high sodium 
diet.°? 

In nondiabetic patients with renal disease, ACE inhib- 
itor alone or in combination with other antihypertensive 
agents effectively reduces blood pressure with minimal 
change in renal function (Table III). When measured, 
GFR remained unchanged or decreased slightly, while 
renal plasma flow remained constant or increased. Few 
long-term studies (>6 months) have been performed, but 
reports suggest that similar renal hemodynamic changes 
are seen with prolonged ACE inhibitor therapy.*°°?>* 


CONCLUSIONS 

Despite considerable interest sparked by the demon- 
strated renal protective effects of ACE inhibitor experi- 
mental models, its potential in human renal disease is 
unknown. Few long-term studies have been completed 
and results thus far are preliminary. Although 1 study in 
diabetic patients reported a significant reduction in the 
rate of decline of renal function, a control group was not 
included.*3 In nondiabetic patients, slowing of progressive 
renal disease has also been shown, although these studies 
were not prospective control trials. Thus, although these 
preliminary observations are encouraging, prospective 
trials currently underway may clarify this important 
question. Nevertheless, the weight of the experimental 
and clinical data suggests that this class of antihyperten- 
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sive agents has important implications for the treatment 
of patients with renal disease. 
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Introduction 


Adam Schneeweiss, MD, and Marija Weiss, DSc 


decade of extensive research in cardiovascular 
A tise has threatened the important position of 

nitrates in the field. In ischemic heart disease 
the development of new calcium antagonists provided 
new effective drugs that were expected to reduce the rate 
of reinfarction and postinfarction deaths, rapidly relieve 
chest pain in angina pectoris and effectively prevent angi- 
nal episodes. Ultrashort-acting 8 blockers have been de- 
veloped for use in some of the conditions in which intrave- 
nous nitrates are used. In heart failure, the angiotensin- 
converting enzyme (ACE) inhibitors were shown to 
produce hemodynamic and clinical improvement and to 
reduce mortality, thereby gaining a leading position in 
therapy. In reviewing published reports, it was found 
that there were almost 10 times the amount of studies 
on calcium antagonists or ACE inhibitors than on ni- 
trates. 

When this huge amount of data is carefully analyzed, 
nitrates stand very well in the efficacy competition. Sub- 
lingual nitrates are still the most rapid way of relieving 
pain in angina pectoris and improving hemodynamics in 
heart failure. Moreover, new nitrate spray formulations, 
acting even more rapidly then sublingual tablets, are now 
available. Their efficacy in prevention of anginal episodes 
is at least comparable to that of other antianginal drugs. 
Intravenous nitrates are still first-line drugs for use in 
patients with unstable angina in the coronary care unit. 
The use of ultrashort-acting 6 blockers is still very limited 


and the indications for their use are fewer than those for 
nitrates. 

Some of the great early expectations from calcium 
antagonists have not been fulfilled. Their greatest failure 
is in secondary prevention after acute myocardial infarc- 
tion (except for diltiazem in non-Q-wave infarction). 

Isosorbide dinitrate combined with hydralazine was 
the first drug that reduced mortality in patients with 
chronic congestive heart failure of various functional 
classes. 

ACE inhibitors are very promising in heart failure, 
but the data supporting their use are limited to a study 
with enalapril in patients in New York Heart Association 
Class IV and to a study with captopril in a relatively small 
number of patients. The ongoing Veterans Administra- 
tion Vasodilator Heart Failure Trial 2 compares the ef- 
fect of isosorbide dinitrate and hydralazine to that of an 
ACE inhibitor on mortality in chronic heart failure. The 
results are not yet available. 

The issue of tolerance is still raising concern for some 
aspects of nitrate therapy. However, it is clear that 
“smart” use of nitrates, i.e., low doses, asymmetric regi- 
mens and a dose-free interval, can largely prevent toler- 
ance. 

This symposium reports on the advances in nitrate 
therapy presented in international meetings in 1989 and 
highlights certain points investigated but not presented 
previously. 
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Individualized Antianginal Therapy Guided by 
Systemic Arterial Pressure 


Adam Schneeweiss, MD, and Leonardo Reisin, MD 


ntianginal and antihypertensive treatment are 
Aces related. All drugs used for treatment of 

angina pectoris are effective also in the treatment 
of hypertension. This is certainly true for drugs such as 6- 
adrenoreceptor blockers and calcium antagonists, which 
are considered first-line antihypertensive drugs. Even ni- 
trates are effective in certain forms of hypertension, such 
as isolated systolic hypertension in the elderly. Drugs that 
have been developed purely for treatment of hyperten- 
sion, such as the angiotensin-converting enzyme inhibi- 
tors are now evaluated for treatment of angina pectoris, 
with variable results. Even a-adrenoreceptor blockers 
such as prazosin were found effective in certain forms of 
angina pectoris. 


CAUSES FOR THE OVERLAP IN TREATMENT 

The pathophysiology of angina pectoris and hyperten- 
sion and the mechanisms of treatment contribute to the 
overlap between the 2 therapeutic indications. 

Chronic stable angina pectoris results from impair- 
ment in the balance between myocardial oxygen supply 
and demand. Myocardial oxygen demand is determined 
by the afterload and preload. The same factors that deter- 
mine afterload by affecting the peripheral vascular resis- 
tance also affect the coronary arteries and therefore de- 
termine the myocardial blood supply. Elevated peripheral 
vascular resistance is also the main hemodynamic impair- 
ment in hypertension. 

Antianginal drugs act mainly by 2 mechanisms: (1) 
reduction in myocardial oxygen demand; and (2) increase 
in myocardial blood supply. It is the delicate interplay 
between the pathophysiology in any individual patient 
and the relative effect of drugs on either mechanism that 
determines the suitability of a specific drug for an individ- 
ual patient. Pretreatment systemic arterial pressure is a 
determinant of myocardial oxygen demand (afterload) 
and supply (coronary perfusion pressure). Obviously, it is 
a major factor affecting the therapeutic response to vari- 
ous antianginal drugs. 

Except for nitrates, all antianginal drugs are also anti- 
hypertensive drugs. Calcium antagonists and $-adrenore- 
ceptor blockers are even first-line antihypertensive drugs. 
Although their blood pressure-reducing effect is propor- 
tional to blood pressure before treatment, they can de- 
crease blood pressure also in normotensive subjects. Ni- 
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trates lower myocardial oxygen demand by both after- 
load and preload reduction, and increase coronary supply 
by coronary dilation. Although they can decrease blood 
pressure they are not antihypertensive drugs. 


CALCIUM ANTAGONISTS 

Calcium antagonists are first-line antihypertensive 
drugs. They reduce blood pressure mainly by reducing 
the peripheral vascular resistance. This is also one of the 
mechanisms of their antianginal effect: They reduce 
myocardial oxygen demand by decreasing afterload. 
Their negative inotropic effect also contributes to a re- 
duction of oxygen demands.!-=? Another mechanism is an 
increase in myocardial oxygen supply due to coronary 
vasodilation.* © 

The main mechanism of the antianginal effect of cal- 
cium antagonists is reduction in afterload and myocardial 
oxygen demand and not an increase in coronary blood 
supply. This statement is based on the finding that despite 
an increase in exercise duration, calcium antagonists (ni- 
fedipine as well as diltiazem) do not increase the heart 
rate-systolic pressure product during maximal exercise.’ 

Blood pressure and myocardial contractility can be 
reduced only to a limited extent before the beneficial 
effect on myocardial oxygen demand is offset by a reduc- 
tion in coronary perfusion and impairment of cardiac 
function. Therefore, additional mechanisms, including 
coronary vasodilation and preload reduction, are impor- 
tant. 

Calcium antagonists are potent coronary dilators. Ina 
recent study, diltiazem was shown to increase exercise 
duration in association with a lower double product than 
did nicorandil, a nitrate ester. It is unlikely that nicorandil 
reduced coronary tone more than the potent coronary 
dilator diltiazem. Therefore, left ventricular preload re- 
duction may be the mechanism responsible for higher 
values of double product obtained with the nitrate ester. 
In normotensive patients, it is preferable to use antiangi- 
nal agents that increase exercise duration without exces- 
sive reduction in the double product and, mainly, in its 
blood pressure component. 

Recently, the topic has been approached from the 
direction of combined treatment of hypertension and an- 
gina by 1 calcium antagonist in patients with both dis- 
eases. It has been shown, e.g., that nitrendipine is safe and 
effective in patients with both hypertension and angina 
pectoris by relieving angina, improving exercise tolerance 
and decreasing elevated blood pressure.? However, the 
opposite question regarding antianginal efficacy in nor- 
motensive and hypotensive patients has not been exten- 
sively addressed. 





The potential problems associated with the use of 
potent systemic vasodilators such as calcium antagonists 
in patients with coronary artery disease are emphasized 
by (1) the phenomenon of “paradoxical angina” —an in- 
crease in the extent of angina in some patients with coro- 
nary artery disease treated with calcium antagonists. !®!! 
In 1 study, nifedipine increased angina in 6 of 24 patients 
with chronic stable angina pectoris.'* Although the real 
incidence of paradoxic angina is much lower, it is a seri- 
ous adverse effect. The most likely explanation is exces- 
sive reduction in blood pressure and coronary perfusion 
pressure; and (2) the failure to show a consistent benefi- 
cial effect of calcium antagonists in secondary preven- 
tion,!? mainly when given early in the course of acute 
myocardial infarction; this is probably related to exces- 
sive reduction in blood pressure in some patients, mainly 
those who were normotensive before drug administration. 
This hypothesis is supported by the tendency to excess 
mortality in infarct patients with systolic pressure <100 
mm Hg found in the nifedipine secondary prevention 
trial.!4 

The significance of adverse effects associated with 
blood pressure reduction is emphasized when combined 
therapy with 2 calcium antagonists is compared to mono- 
therapy with 1 such agent. In a study with nifedipine and 
diltiazem!> patients receiving combination therapy had 
more adverse effects than those receiving either nifedi- 
pine or diltiazem monotherapy. Most adverse effects in- 
cluding dizziness, palpitation and aggravation of angina 
might have been related to reduction in blood pressure. 

These findings indicate that calcium antagonists 
should not be the first antianginal drug in normotensive 
patients and certainly not in those who are hypotensive. 
Several ongoing clinical trials are comparing the antian- 
ginal effect of dihydrophyridine calcium antagonists in 
normotensive and hypertensive patients. A trial compar- 
ing the antianginal effect of nitrates and calcium antago- 
nists in normotensive and hypertensive patients is indicat- 
ed. 

However, calcium antagonists can also reduce pre- 
load'® and various calcium antagonists have different 
hemodynamic profiles. In the future certain calcium an- 
tagonists may be found more suitable than others for use 
in nonhypertensive patients. 


BETA-ADRENORECEPTOR BLOCKERS 
Beta-adrenoreceptor blockers are first-line antihyper- 
tensive agents. They also have a potent antianginal effect 
attributed to a decrease in myocardial oxygen demand 
due to slowing of heart rate, decreased contractility, re- 
duced blood pressure and other mechanisms of minor 
importance.'’-29 Beta-adrenoreceptor blockers do not in- 
crease coronary blood supply. They may even cause coro- 
nary constriction, secondary to reduced oxygen de- 
mand.?!?? They do not reduce the preload. 
Beta-adrenoreceptor blockers are excellent antiangi- 
nal drugs in hypertensive patients and in most normoten- 
sive patients. However, any agent that acts largely by 
decreasing blood pressure and depression of myocardial 
contractility must theoretically have limited efficacy in 


normotensive or hypotensive patients. This problem was 
not addressed in most studies evaluating 6 blockers as 
therapy for angina pectoris, because hypotensive patients 
were excluded and the results were not analyzed in rela- 
tion to pretreatment blood pressure. It is possible that 
such an analysis would have revealed a greater effect in 
those with higher pretreatment pressure and a lesser, or 
even a negative effect, in normotensive and hypotensive 
patients. 

This potential problem is seen also in the secondary 
prevention trials with 6-adrenoreceptor blockers.?3-26 
Overt and even borderline hypotensive patients have been 
excluded from these trials. Their inclusion might have 
theoretically caused some cases of death due to aggrava- 
tion of ischemia, which could have offset the beneficial 
effect of 6 blockers in other postinfarction patients. 

Studies comparing the antianginal effect of 8 blockers 
in hypertensive and normotensive patients are indicated. 
Until the results of such studies are available it is advis- 
able to initiate treatment of angina pectoris in normoten- 
sive and hypertensive patients with other drugs. 


ANGIOTENSIN-CONVERTING 
ENZYME INHIBITORS 

Animal experiments have shown a reduction of isch- 
emic insults by angiotensin-converting enzyme (ACE) 
inhibitors.*’->° The mechanism of this effect could be 
afterload and preload reduction, an inhibitory effect on 
local catecholamine release, an effect on tissue renin- 
angiotensin system and even the negative inotropic effect 
of these agents. In patients who have had myocardial 
infarction, remodeling of the left ventricle can be modi- 
fied with captopril.*! 

These findings have little relevance to treatment of 
angina pectoris. Any antianginal effect that ACE inhibi- 
tors might have is probably mainly related to afterload 
reduction. ACE inhibitors are first-line antihypertensive 
agents. The animal studies previously mentioned did not 
take into account the relation between pretreatment 
blood pressure and the effect of ACE inhibitors on isch- 
emia. This question should be addressed directly by clini- 
cal trials in normotensive and hypertensive patients with 
angina pectoris and other ischemic presentations. 

Until now these agents have been evaluated clinically 
mainly in patients with acute myocardial infarction and 
heart failure. Systemic hypotension was a significant 
problem in these studies. Mean arterial pressure de- 
creased to <70 mm Hg in 3 of 7 patients in 1 study*? and 
systolic arterial pressure decreased to <75 mm Hg in 21% 
of the patients in another.*? In a third study mean arterial 
pressure decreased to <70 mm Hg in 50% of the pa- 
tients.*4 

The effect of ACE inhibitors on myocardial ischemia 
in normotensive patients has been studied only recently. 
Gibbs et al?> compared the effects of enalapril and place- 
bo, each given for 2 weeks, in 12 such patients. Four of the 
patients prolonged their total exercise time 220%. Two 
patients, however, developed ischemia earlier during ex- 
ercise and reduced their total exercise duration. Their 
exercise blood pressure did not differ from the patients 
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A SYMPOSIUM: ADVANCES IN NITRATE THERAPY (PART 2) 


who had improvement. In conclusion, the effect of enala- 
pril on myocardial ischemia is variable. Initiation of 
treatment with enalapril in normotensive patients with 
angina pectoris requires careful monitoring and could 
not, of course, be recommended clinically. 

A more practical issue is the use of ACE inhibitors in 
normotensive patients with heart failure of ischemic etiol- 
ogy, with or without angina pectoris; this is the largest 
group of patients with heart failure. Gibbs et al°> stated 
that “enalapril should be used with caution in treating 
heart failure caused by ischemic heart disease, since the 
beneficial effects of ACE inhibition on the heart failure 
may be offset if the myocardial ischemia is made worse.” 

Haude et al*° reported that sublingual captopril im- 
proved angina and ST-segment depression, decreased 
diastolic pulmonary arterial pressure and increased cardi- 
ac output in 6 patients with unstable angina resistant to 
nitroglycerin. Captopril reduced mean arterial pressure 
in this group from 88 + 12 to 74 + 10 mm Hg. Because of 
the recent knowledge on the pathophysiology of unstable 
angina the practical implication of these findings is not 
definitive. 


NITRATES 

Nitrates are first-line antianginal but not antihyper- 
tensive drugs. Their mechanism of action includes coro- 
nary vasodilation,’ preload and afterload reduc- 
tion>?-*° and effects on the diastolic properties of the heart 
and on platelet function.*! Nitrates do not rely so much 
on afterload reduction and reduction in blood pressure as 
do other antianginal agents. The effect on the coronary 
arteries is a “positive” vasodilation, i.e., dilation of 
the large coronary arteries including stenotic segments, 
thereby increasing the myocardial blood supply (in con- 
trast to “negative” vasodilation of coronary resistance 
vessels, resulting in coronary steal). Nitrates also improve 
perfusion in myocardial zones dependent on collateral 
flow and in this effect they may be superior to other 
vasodilators, including calcium antagonists.** They can 
prevent the exercise-induced coronary vasoconstriction 
observed in patients with coronary artery disease.*? Ni- 
trates also make coronary flow more homogenous,” thus 
favoring ischemic zones over normal zones. 

The main differences between nitrates and calcium 
antagonists are the greater preload reduction (relative to 
afterload reduction), the lack of a negative inotropic ef- 
fect of nitrates and a somewhat different profile of the 
coronary effect. 

Nitrates are not antihypertensive drugs. Although 
they decrease blood pressure acutely, this effect is largely 
attenuated during chronic use. The only instance in which 
nitrates are used, investigationally, for treatment of hy- 
pertension, is isolated systolic hypertension in the elder- 
ly.*5 In this condition the pathophysiology is different 
from that of the usual cases of essential hypertension, and 
is mainly related to stiffness of the conduit arteries. Even 
in this condition I was unable to find a marked blood 
pressure-reducing effect of nitrates (unpublished data). 

All these findings indicate that nitrates are superior to 
other antianginal and anti-ischemic drugs for treatment 
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of myocardial ischemia in normotensive patients. This 
recommendation is supported by the extremely low inci- 
dence of aggravation of ischemia during chronic oral 
nitrate therapy.*® 


COMBINED THERAPY 

Combined therapy with 6 adrenoreceptors and calci- 
um antagonists produces an additive antianginal effect 
only in patients with normal or mildly impaired left ven- 
tricular function who remain symptomatic despite opti- 
mal treatment with a single agent alone.*’ It is unlikely 
that normotensive agents, mainly with impaired left ven- 
tricular function, would benefit from combined therapy 
with potent blood pressure-reducing drugs. Packer * rec- 
ommended that if patients with left ventricular dysfunc- 
tion continue to experience pain during therapy with ni- 
trates and 6 blockers, coronary artery bypass surgery 
rather than addition of a third drug should be considered. 
This is definitely the case for those who are also normo- 
tensive or hypotensive. 


SUMMARY 

All antianginal drugs except nitrates are also first-line 
antihypertensive drugs. Their antianginal efficacy has 
not been evaluated in relation to pretreatment blood pres- 
sure. They may aggravate ischemia due to excessive re- 
duction in blood pressure. Until the results of direct com- 
parative studies are available, it is advisable to start treat- 
ment of angina pectoris in normotensive and hypotensive 
patients with other drugs that do not primarily decrease 
blood pressure. Nitrates are a reasonable choice. 


REFERENCES 


1. Valter W. Myocardial oxygen consumption under the influence of nifedipine 
(adalat) in the anesthetized dog. In: Lochner W, Kronenberg G, eds. New Thera- 
py of Ischemic Heart Disease. Berlin: Springer Verlag, 1975:77-82. 

2. Stone PH, Antman EM, Muller JE, Braunwald E. Calcium channel blocking 
agents in the treatment of cardiovascular disorders. 1I. Hemodynamic effects and 
clinical applications. Am J Cardiol 1979;44:81 1-814. 

3. Serruys PW. Influence of intracoronary nifedipine on left ventricular function, 
coronary vasomotility and myocardial oxygen consumption. Br Heart J 1983;49: 
427-434. 

4. Kellett MA. The effect of verapamil on coronary and systemic hemodynamics 
in patients with coronary heart disease. Am J Cardiol 1982;49:896-900. 

5. Vatner SF, Hintze TH. Effects of a calcium channel antagonist on large and 
small coronary arteries in conscious dogs. Circulation 1982;66(3):579-583. 

6. Schulz W, Wendt T, Klepzig H Jr, Kober G. Der Einfluss von intrakoronarem 
und intravenosem Nifedipine and die allgemeine und lokale Getassweite von 
epikardialen Koronararterien bei stabiler Angina pectoris—ein antianginoser 
Wirkaspekt? Z Kardiol 1982;70:809-8 13. 

7. Wallace WA, Wellington KL, Murphy GW, Liang C-S. Comparison of 
antianginal efficacies and exercise hemodynamic effects of nifedipine and diltia- 
zem in stable angina pectoris. Am J Cardiol 1989;63:414-418. 

8. Nikoshita M, Hashimoto K, Ohbayashi Y, Inoue T, Taguchi H, Mitsunami K. 
Comparison of antianginal activity of nicorandil, propranolol and diltiazem with 
reference to the antianginal mechanism. Am J Cardiol 1989,;63:71J-74J. 

9. Schmoeckel M, Arendt RM, Hauck R, Schultheiss H-P. Acute and chronic 
effects of nitrendipine on hemodynamics and myocardial ischemia in patients with 
combined angina pectoris and hypertension. J Cardiovasc Pharmacol 1988;] 2: 
suppl 4:S170-S174. 

10. Angelin PF. Hemodynamic and enzymatic effects of intravenous nifedipine 
administration in acute myocardial infarction. Sth International Adalat Sympo- 
sium. In: Kaltenbach M, Neufeld HN, eds. New Therapy of Ischemic Heart 
Disease and Hypertension. Amsterdam: Excerpta Medica, 1983:208-214. 

11. Fox KM. Treatment of chronic stable angina pectoris with nifedipine. 5th 
International Adalat Symposium. In: Kaltenbach M, Neufeld HN, eds. New 
Therapy of Ischemic Heart Disease and Hypertension. Amsterdam: Excerpta 
Medica, 1983:197-208. 

12. Subramanian VB. Rationale for the choice of calcium antagonists in chronic 
stable angina. An objective double-blind placebo-controlled comparison of nifedi- 





pine and verapamil. Am J Cardiol 1982;50:1173-1178. 

13. The Israeli Sprint Study Group. Secondary Prevention Reinfarction Israeli 
Nifedipine Trial (SPRINT). A randomized intervention trial of nifedipine in 
patients with acute myocardial infarction. Eur Heart J 1988;9:354-364. 

14. The Sprint Group: The Secondary Prevention Reinfarction Israeli Nifedipine 
Trial (Sprint II) (abstr). Eur Heart J 1988;9:350. 

15. Frishman W, Charlap S, Kimmel B, Teicher M, Cinnamon J, Allen L, Strom 
J. Diltiazem, nifedipine, and their combination in patients with stable angina 
pectoris: effects on angina, exercise tolerance, and the ambulatory electrocardio- 
graphic ST segment. Circulation 1988 ;77(4):774-786. 

16. Yokota M, Koide M, Miyahara T, Kamihara S, Tsunekawa A, Noda S, 
Sotobata I. Effects of a new second generation calcium channel blocker, nilvadi- 
pine (FR34235), on exercise-induced hemodynamic changes in stable angina 
pectoris. J Am Coll Cardiol 1987;10:830-8 36. 

17. Smith HJ, Goldstein RA, Griffith JM, Epstein SE. Regional contractility: 
selective depression of ischemic myocardium by verapamil. Circulation 1976; 
54:629-635. 

18. Friedman MJ, Temkin LP, Goldman S, Ovitt TW. Effects of propranolol on 
resting and post extra systolic potentiated left ventricular function in patients with 
coronary artery disease. Am Heart J 1983;106:81-84. 

19. Port S, Gobb FR, Jones RH. Effects of propranolol on left ventricular 
function in normal men. Circulation 1980;61(2):358-365. 

20. Milne JR, Camm AJ, Ward DE, Spurrell RAJ. Effect of intravenous pro- 
pranolol on QT interval: a new method of assessment. Br Heart J 1980;43:1-7. 
21. Davids WG, Macdonald DC, Mason DFJ. Effects of pronetholol and pro- 
pranolol on the coronary circulation of the dog. Br J Pharmacol 1969;37:338-342. 
22. Kern MJ. Potentiation of coronary vasoconstriction by beta-adrenergic block- 
ade in patients with coronary artery disease. Circulation 1983;67(6):1178-1184. 
23. Norwegian Multicenter Study Group. Timolol-induced reduction in mortali- 
ty and reinfarction in patients surviving acute myocardial infarction. N Engl J 
Med 1981;304:801-807. 

24. Beta-Blocker Heart Attack Trial Research Group. A randomized trial of 
propranolol in patients with acute myocardial infarction: I. Mortality results. 
JAMA 1982;247:1707-1714. 

25. Rehnqvist N, Olsson G. Influence on ventricular arrhythmias by chronic post- 
infarction treatment with metoprolol (abstr). Circulation 1983;68:suppl IIT:HI- 
369. 

26. The MIAMI Trial Research Group. Metoprolol in acute myocardial infarc- 
tion (MIAMI). A randomized placebo-controlled international trial. Eur Heart J 
1985,;6:199-226. 

27. Ert! G, Kloner RA, Alexander RW, Braunwald E. Limitation of experimen- 
tal infarct size by an angiotensin-converting enzyme inhibitor. Circulation 
1982;65:40-48. 

28. Van Gilst WH, De Graeff PA, Wesseling H, De Langen CDJ. Reduction of 
reperfusion arrhythmias in the ischemic isolated rat heart by angiotensin convert- 
ing enzyme inhibitors: a comparison of captopril, enalapril, and HOE 498. J 
Cardiovasc Pharmacol 1986;8:7 22-728. 

29. Van Gilst WH, De Graeff PA, Kingma JH, Wesseling H, De Langen CDJ. 
Captopril reduces purine loss and reperfusion arrhythmias in the rat heart after 
coronary artery occlusion. Eur J Pharmacol 1984;100:113-117. 


30. Linz W, Schélkens BA, Han Y-F. Beneficial effects of the converting enzyme 
inhibitor, ramipril, in ischemic rat hearts. J Cardiovasc Pharmacol 1986;8:suppl 
10:91-99. 

31. Pfeffer JM, Pfeffer MA, Braunwald E. Influence of chronic captopril therapy 
on the infarcted left ventricle of the rat. Circ Res 1985;57:84-95. 

32. McAlpine HM, Morton JJ, Leckie B, Dargie HJ. Use of oral ACE inhibitors 
post infarct. J Cardiovasc Pharmacol 1987;9:suppl 2:25-30. 

33. Wenting GJ, Man in't Veld AJ, Woittiez AJ, Derkx FHM, Schalekamp 
MADH. Captopril in the treatment of severe acute and chronic heart failure. 
Progr Pharmacol 1984;5:107-122. 

34. Brivet F, Deltraissay J, Gindicelli J, Richer C, Legrand A, Dormont J. 
Immediate effects of captopril in acute left ventricular failure secondary to myo- 
cardial infarction. Eur J Clin Invest 1981;11:369-373. 

35. Gibbs JSR, Crean PA, Mockus L, Sutton GC, Fox KM. The variable effects 
of angiotensin converting enzyme inhibition on myocardial ischaemia in chronic 
stable angina (abstr). Eur Heart J 1989;10:suppl 3:5. 

36. Haude M, Erbel R, Tschollar W, Meyer J. Sublingual captopril in patients 
with unstable angina (abstr). Eur Heart J 1989;10:suppl 3:5. 

37. Brown BG, Bolson E, Petersen RB, Pierce DC, Dodge HT. The mechanisms 
of nitroglycerin action: stenosis vasodilation as a major component of the drug 
response. Circulation 1981 ;64:1089-1097. 

38. Simon R, Koch M, Reil G. Effect of intracoronary nitroglycerin on coronary 
vascular volume in man assessed by a double indicator method (abstr). Eur Heart 
J 1987 ;8:suppl 1:22. 

39. Goldstein RE, Bennett ED, Leech GL. Effect of glyceryl trinitrate on echo- 
cardiographic left ventricular dimensions during exercise in the upright position. 
Br Heart J 1979;42:245-254. 

40. Fuchs RM, Brinker JA, Guzman PA, Kross DE, Yin FCP. Regional coro- 
nary blood flow during relief of pacing-induced angina by nitroglycerin. Am J 
Cardiol 1983;51:19-23. 

41. De Caterina R, Gianessi D, Crea F, Chierchia S, Bernini W, Gazzetti P, 
L*’Abbate A. Antiplatelet effects of isosorbide dinitrate in man. Z Kardiol 
1983;72:suppl 3:46-51. 

42. Fujita M, McKown DP, McKown MD, Franklin D. Comparative effects of 
nitroglycerin and diltiazem on regressed, newly developed coronary collaterals in 
conscious dogs (abstr). J Am Coll Cardiol 1986;7:suppl:53A. 

43. Krayenbiihl HP, Hess OM, Gage JE, Grimm J. Nitroglycerin prevents 
coronary artery stenosis narrowing during dynamic exercise. Eur Heart J 
1987 ;8:suppl 1:23. 

44. Engle HJ, Wolf R, Pretschner P, Hundeshagen H, Lichtlen PR. Effect of 
nitrates on myocardial blood flow during angina: comparison of results obtained 
by inert gas clearance and 201 thallium imaging. In: Lichtlen PR, Engel H, 
Schrey A, Swan HJC, eds. Nitrates II. Berlin: Springer-Verlag, 1981:184-191. 
45. Duchier J, lannascoli M, Safar ME. Antihypertensive effect of sustained- 
release isosorbide dinitrate in elderly patients with systolic hypertension. X World 
Congress of Cardiology, Washington DC, September 14-19, 1986(2796). 

46. Schneeweiss A, Weiss M. Advances in Nitrate Therapy. Berlin, Heidelberg: 
Springer-Verlag, 1988. 

47. Packer M. Combined beta-adrenergic and calcium-entry blockade in angina 
pectoris. N Engl J Med 1989;320(11):709-718. 


THE AMERICAN JOURNAL OF CARDIOLOGY JUNE 4, 1990 SJ 





Evaluation of the Efficacy and Duration of Action 
of Isosorbide Mononitrate in Angina Pectoris 


Mark A. de Belder, MD, Adam Schneeweiss, MD, and A. John Camm, MD 


The magnitude and duration of the antianginal and 


anti-ischemic effects of isosorbide mononitrate (IS- 
5-MN), 20 mg, were determined in 10 patients 
with chronic stable angina pectoris. An exercise 
test (treadmill, Bruce protocol) was performed be- 
fore and at 1, 6, 8 and 10 hours after oral adminis- 
tration of the drug. The patients were randomly as- 
signed to receive IS-5-MN or placebo, and after 1 
week of therapy were crossed over to the other for- 
mulations. The drug increased the exercise dura- 
tion from 321 to 455 seconds at 1 hour (p 
<0.001). Time to moderate angina increased from 
237 to 324 seconds (p <0.05) and time to ST de- 
pression >1 mm increased from 150 to 307 sec- 
onds (p <0.01) at 1 hour. Placebo had no effect on 
any of the exercise parameters. Although partially 
attenuated at 6 hours, the effect of IS-5-MN re- 
mained statistically significant even at 8 hours, but 
not at 10 hours. It is concluded that the duration of 
action of a single tablet of IS-5-MN, given orally, is 
8 hours. 

(Am J Cardiol 1990;65:6J-8)J) 
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physicians for the management of patients with an- 
gina pectoris. Nitroglycerin (NTG) is usually ad- 
ministered sublingually for episodes of angina pectoris 
but its short duration of action generally makes it unsuit- 
able for prophylactic use. Isosorbide dinitrate (ISDN) is 
also an effective antianginal agent but has low bioavail- 
ability after oral administration and there are marked 
interindividual variations in plasma concentrations after 
oral administration.'~> Isosorbide-5-mononitrate (IS-5- 
MN), an active metabolite of ISDN, does not undergo 
first-pass hepatic metabolism and thus is completely 
bioavailable.° IS-5-MN has linear kinetics for doses of 10 
to 80 mg.’* The interindividual variations in plasma con- 
centrations after IS-5-MN administration are less than 
30% and the plasma half-life is between 4 and 6 hours,*” 
approximately 8 times that of ISDN. Initial studies have 
shown that single doses of IS-5-MN exert antianginal 
and anti-ischemic effects. !0-!3 
This report describes a study designed to assess the 
magnitude and duration of the effect of IS-5-MN (20 
mg) on exercise capacity and electrocardiographic evi- 
dence of myocardial ischemia in patients with chronic 
stable angina pectoris. 


T organic nitrates are often the first choice of 


METHODS 

Patients: Ten men (aged 36 to 68 years) with chronic 
stable angina were studied. All patients had (1) a history 
of typical, stable exertional angina pectoris for 22 
months before the study; (2) development of typical chest 
pain during treadmill exercise testing and the presence of 
=1 mm of ST-segment depression (flat or downsloping 
ST segments for 280 ms after the J point); (3) documen- 
tation of coronary artery disease or myocardial ischemia, 
or both, by 1 of the following criteria—documented myo- 
cardial infarction, coronary arteriographic documenta- 
tion of significant coronary artery disease (275% nar- 
rowing of at least 1 major artery), positive findings on 
thallium perfusion stress testing; (4) moderate angina 
between 3 and 9 minutes on the Bruce protocol; (5) repro- 
ducibility of exercise results, defined as 2 consecutive 
exercise tests with an end point of moderate angina within 
15%; and (6) demonstration of nitrate responsiveness as 
documented by prolongation of treadmill exercise time by 
> 20% when exercise testing is performed 5 minutes after 
sublingual administration of 0.4 mg of NTG. 

The following exclusion criteria were used: (1) myo- 
cardial infarction or cardiac surgery within 3 months, (2) 
congestive heart failure, (3) digitalis administration, (4) 
atrial or ventricular dysrhythmias requiring antiarrhyth- 
mic therapy, (5) hypertension (blood pressure >170/100 
mm Hg) or patients requiring antihypertensive therapy 





TABLE I Changes in Duration of Exercise Test* 


Variable / Statistics PLAC/O ISMN/O PLAC/1H ISMN/1H PLAC/6H ISMN/6H PLAC/8H ISMN/8H PLAC/10H_ ISMN/10H 


Exercise duration (sec) 
Mean 324 321 330 455 291 311 345 
SD 144 125 137 136 113 122 119 
No. of Pts. 10 10 10 10 10 10 10 


DIFF. ABS. SS 1258 
DIFF. IN % —0.9 37.9 


341 
10.9 


* Exercise duration before and 1 (0), 6 (6H), 8 (8H) and 10 (10H) hours after administration of placebo (PLAC) and isosorbide mononitrate (ISMN). 


t p <0.05; tp <0.01; §p <0.001. 


DIFF. ABS. = absolute difference (sec); DIFF. IN % = percentage difference; SD = standard deviation. 


other than diuretics to attain this blood pressure level, (6) 
significant valvular disease, and (7) anemia (hemoglobin 
<11 g). 

Study design: Patients were fully informed about the 
investigation and signed a consent form before being en- 
rolled in this investigation. The trial was approved by the 
Institutional Ethics Committee. All long-acting antiangi- 
nal drugs were discontinued 1 week before the study. 

Exercise test: Patients underwent treadmill testing 
using the Bruce protocol. They came to the laboratory in 
the fasting state without taking their morning medica- 
tions and not taking NTG for at least 2 hours. During 
exercise testing the following observations were made: (1) 
time to the onset of angina and to the development of 
moderate angina at which point exercise was discontin- 
ued; and (2) blood pressure recording by sphygmoma- 
nometry at the end of each exercise stage, at the time of 
the onset of angina and at the point of cessation of exer- 
cise. Exercise was terminated at the development of mod- 
erate angina. 


Study protocol: When the reproducibility of exercise 
testing had been demonstrated and the patient had been 
shown to be a nitrate responder, the definitive investiga- 
tion was begun. The patient came to the laboratory at 8 
A.M. in the fasting state and having taken no medications 
and no NTG for 22 hours. A control exercise test was 
performed as described. Thirty minutes later, in a double- 


blind, crossover, placebo-controlled fashion, either one 
20-mg tablet of IS-5-MWN or placebo was administered 
with 60 ml of water. Treadmill exercise testing as previ- 
ously described was performed at 1, 6, 8 and 10 hours 
after dosing. 

Statistical analysis: The data were analyzed using 
paired ¢ test and analysis of variance. The efficacy of IS- 
5-MN over the 10-hour observation period compared 
with placebo was evaluated. 


RESULTS 

All patients completed the trial. Placebo had no effect 
on any of the exercise parameters. IS-5-MN increased 
exercise duration (Table I) from 321 to 455 seconds at 1 
hour after the dose (p <0.001). This effect was partially 
attenuated at 6 hours (340 seconds) but remained signifi- 
cant (p <0.01). The prolongation of exercise duration 
was still significant even at 8 hours (345 seconds, p 
<0.05) but not at 10 hours. Time to moderate angina 
(Table II) increased from 237 + 86 to 324 + 153 seconds 
(p <0.05) at 1 hour. This change was attenuated at 6 
hours to 283 + 107 seconds, but remained significant at 
this time and at 8 hours, but not at 10 hours. Time to ST- 
segment depression of 21 mm increased from 150 + 64 
to 307 + 109 seconds (p <0.01) at 1 hour but was atten- 
uated at 6 hours. No serious adverse effects were ob- 
served during the trial. 


TABLE Il Changes in Time to Angina Pectoris (AP) and to ST Depression of 20.1 mm 


Variable / Statistics PLAC/O ISMN/O PLAC/1H 


Time to AP (sec) 
Mean 
SD 
No. of Pts. 
DIFF. ABS. 
DIFF. IN % 
Time to moderate AP (sec) 
Mean 
SD 
No. of Pts. 
DIFF. ABS. 
DIFF. IN % 
Time to ST depress. (sec) 
Mean 
SD 
No. of Pts. 
DIFF. ABS. 
DIFF. IN % 


ISMN/1H PLAC/6H 


ISMN/6H PLAC/8H ISMN/8H PLAC/10H ISMN/10H 


181 
99 


* Time to angina pectoris and to ST depression of 1 mm before (0) and 1 (1H), 6 (6H), 8 (8H) and 10 (10H) hours after placebo (PLAC) and isosorbide mononitrate (IS-5-MN). 


t p <0.05; + p <0.01. v2 
Depress. = depression; other abbreviations as in Table |. 
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A SYMPOSIUM: ADVANCES IN NITRATE THERAPY (PART 2) 


DISCUSSION 

Several parameters affect the optimal! dose in nitrate 
therapy. Among these are the magnitude of the effect, the 
short duration of the effect (which is partially dose relat- 
ed) and the attempt to prevent tolerance.'* The optimal 
dose should be large enough to exert maximal or near 
maximal effect, and small enough to prevent tolerance 
(which is directly related to the dose!*). The duration of 
action of each dose should be studied specifically, because 
in most efficacy studies the magnitude of effect was mea- 
sured at 1 or 2 hours after administration but its duration 
was not determined. 

Previous studies revealed that the optimal oral dose of 
the conventional formulation of IS-5-MN is 20 mg.!> 
Our study confirms antianginal and anti-ischemic effica- 
cy of this dose. We have also shown that peak effect 
occurs at 1 hour after oral administration. Our design 
does not exclude, however, the possibility that a some- 
what greater effect would have been observed at 2 hours. 
The initial effect of IS-5-MN during exercise parameters 
was partially attenuated at 6 hours, but remained statisti- 
cally significant at this time and even at 8 hours. At 10 
hours the effect was almost completely attenuated. 

Our results indicate that the duration of action of oral 
IS-5-MN, 20 mg, in patients with chronic stable angina is 
8 hours. A regimen of 20 mg twice daily may be suitable 
for long-term treatment of patients with exertional angi- 
na during the day. 
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Long-Term Efficacy of Nitroglycerin 
Patch in Stable Angina Pectoris 


Raffaele Greco, MD, Mario Schiattarella, MD, Simona Wolff, MD, 
Doriana D’Alterio, MD, and Pio Tartaglia, MD 


Subchronic and chronic efficacy of a 10 mg of ni- 
troglycerin (NTG) patch was studied in 30 patients 
with stable angina pectoris. The trial consisted of 2 
periods of study: 1 period of 2 months with a dou- 
ble-blind, crossover, placebo-controlled design and 
a second period of open treatment with verum 
patch. Two 7-day washout periods were performed 
at entry and at the end of the study. Efficacy was 
evaluated by clinical assessment of anginal attacks 
and NTG consumption and by means of multistage 
treadmill exercise testing. Exercise tests were per- 
formed at time 0 (24 hours from application of last 
patch), at 4 and 12 hours after dosing at the end of 
first 7-day washout, at the end of first month of 
treatment, at the end of the second month of treat- 
ment after crossover, at the end of 3 months of 
treatment with active patch and at the end of the 
second 7-day washout period. Statistics were ob- 
tained by multivariate analysis of difference. In 27 
patients whose records were available for final 
analysis the daily attacks of angina and NTG con- 
sumption decreased significantly during both the 
subchronic and chronic phases of the trial com- 
pared with placebo (p <0.001). Subchronic study 
showed significant improvement of maximal exer- 
cise duration, time to onset of angina, time to ST- 
segment depression of 1.0 mm, time to regression 
of angina and time to regression of ST depression, 
compared with placebo. The efficacy was main- 
tained during 3 months of chronic therapy but a 
certain degree of attenuation of effects was ob- 
served for some parameters: Duration of exercise 
and time of onset of angina was slightly but not sig- 
nificantly reduced during the chronic compared 
with the subchronic phase; time to regression of 
angina and ST-segment depression significantly in- 
creased at the end of the chronic trial compared 
with results in the subchronic phase. Thus, some 
degree of attenuation of effects occurred but not to 
a degree that would abolish all beneficial effects of 
treatment with NTG patch. The association with 
other drugs, for which the dosing regimen was 
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maintained constantly throughout the entire study, 
may be one of the possible explanations for lack of 
tolerance in our study. 

(Am J Cardiol 1990;65:9J—15)]) 


eral attempts to develop new drug delivery systems 

that might be more acceptable to patients, thus im- 
proving compliance. These attempts have been successful 
with a number of drugs such as pilocarpine, progesterone, 
scopolamine, estradiol, clonidine and nitroglycerin 
(NTG). Transdermal NTG delivery systems, relying 
upon polymeric membranes, have found large acceptance 
among both patients and doctors, but at the same time, a 
brisk debate has arisen on its efficacy, the duration of its 
effects and tolerance development. 

Tolerance, defined as increased dose requirement in 
order to obtain a certain therapeutic effect or decreased 
effect with the same dose, has been described for all 
organic nitrates regardless of their galenic preparation. 
Clinical studies on NTG patches, based mainly on the 
impact on the number of daily attacks of angina and 
NTG tablet consumption, failed to show a considerable 
loss of therapeutic effect for periods of treatment ranging 
from 1 month to 1 year.'~? 

On the other hand, well-designed studies based on 
objective evidence of an anti-ischemic effect by exercise 
test results as well as clinical response have shown rapid, 
and sometimes complete, attenuation of vascular and 
therapeutic effects of nitrates after a period of continu- 
ous administration, whichever the therapeutic form.*"'! 
Therefore, particular schedules of administration that 
might circumvent this problem have been suggested.! 

Other well-designed, randomized, placebo-controlled 
studies have supplied evidence for persistence of efficacy 
in patients with angina pectoris, heart failure and silent 
ischemia. !3-?! 

In this study we addressed this subject using Deponit- 
10® patch, which in a previous investigation by our 
group? was effective on a short-term basis in patients 
with stable angina pectoris. The complex protocol of this 
trial consists of a first part, a double-blind, placebo-con- 
trolled study lasting 2 months, and a second part, with an 
open design lasting 3 months in order to avoid the long- 
term use of placebo. 


|: recent years, modern pharmacology has made sev- 


METHODS 
The study population consisted of 30 men, aged 40 to 


63 years (mean 52.0) with chronic, stable, effort, NTG- 
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A SYMPOSIUM: ADVANCES IN NITRATE THERAPY (PART 2) 


SUBCHRONIC STUDY 
(2 MONTHS) 


DOUBLE BLIND CROSSOVER 
VERUM VERUM 


responsive angina pectoris for <6 months. Patients en- 
tered the study after giving informed consent and after 
having been tested for responsiveness to transdermal 
therapy (210% improvement in exercise duration with 
NTG patch at 4 and 12 hours). All patients were familiar 
with the treadmill technique and were followed on an 
outpatient basis. Coronary artery disease had been docu- 
mented by a previous myocardial infarction (19 = 
63.3%), angina pectoris (100%), coronary angiography 
(24 = 80%) and exercise testing (100%). Therapy with 6 
blockers and calcium antagonists, antiplatelets and anti- 
coagulants was kept unchanged during the trial in 20 
patients (66.6%), whereas nitrates were restricted to 
NTG only as needed. If angina changed pattern at any 
time of the trial, patients were prematurely withdrawn 
from the study and assigned to a different therapy. 

Exclusion criteria were angina at rest or mixed angina 
or infarction within the previous 3 months, need for anti- 
hypertensive therapy or organic nitrates other than sub- 
lingual NTG, and treatment with digitalis, diuretics or 
antiarrhythmic drugs, cardiomyopathy, valvular or lung 
disease, or any other disease of major significance. Other 
exclusion criteria were ST-segment depression at rest or 
other abnormal results on the electrocardiogram (ECG) 
which would have interfered with proper interpretation of 
the ECG during exercise: bundle branch block, left ven- 
tricular hypertrophy, Wolff-Parkinson- White syndrome, 
atrioventricular conduction defects, Q waves or tiny R 
waves on all precordial leads, and frequent or complex 
arrhythmias either on the ECG at rest or during the 
qualifying exercise test. 

All patients were instructed to keep a diary of daily 
attacks of angina, NTG consumption and duration of 
each attack. 

Study design: The trial covered a period of 164 days 
(Fig. 1) and consisted of a first 7-day washout placebo 


CHRONIC STUDY 
(3 MONTHS) 


SINGLE BLIND 


FIGURE 1. Trial design. 


WASH-OUT | 
| 


DAY 157 DAY 164 


period during which patients discontinued to take nitrates 
but continued to take 6 blockers, calcium antagonists or 
antiplatelet drugs. At the end of this period patients un- 
derwent 3 treadmill tests on the seventh day: one at time 0 
(24 hours from last application of patch), one at 4 and 
another at 12 hours from application of the last placebo 
patch. Afterward, a first part of the 60 days began witha 
placebo, controlled, double-blind crossover design during 
which patients were randomized to either a 1-month peri- 
od with placebo or to a 1-month period with active patch. 
At the end of this first month of treatment patients under- 
went 3 treadmill tests as previously mentioned and 
crossed over to the other patch in the trial. At the end of 
this second-month period patients again underwent 3 ex- 
ercise tests as previously indicated. 

After completing this first part of the trial, a second 
part with open treatment with active patch started and 
lasted 90 days, at the end of which 3 more exercise tests 
were performed with the procedures already mentioned. 
Finally, a second period of washout with placebo took 
place for 7 days, and on the last day exercise testing was 
repeated at 0 time and at 4 and 12 hours from last patch 
application. 

The patients were instructed to apply a new patch on 
the thorax immediately at the scheduled time after re- 
moving a previous patch. Tests were performed either in 
the morning (0 time and 4-hour test) or in the evening 
(12-hour test) in the postabsorption state. During 3 
months of chronic therapy the patients were examined on 
a monthly basis and were encouraged to contact the med- 
ical staff frequently in order to obtain maximal compli- 
ance and adherence to the complex experimental proto- 
col. 

Experimental procedures: Exercise tests were per- 
formed on the treadmill according to the Bruce multi- 
stage protocol with the patient having taken no food or 


TABLE I Changes in the Number of Attacks of Angina, Duration and Nitroglycerin (NTG) Consumption 


Variables P| DSc A% 


Attacks of Ang. 12.7 £39 
No. /mo 

Duration of Ang. 
min / mo 

NTG tablets 
No. /mo 


8.1+2.8 36:2 


42.3 + 12.2 26.9+411.7 —36.4 


11.7 + 4.3 TZE 34 —38.5 


All differences in this table are significant with a p value <0.001 compared with placebo. 


All values are expressed as mean + standard deviation. 


DLt (1 mo) A% 
8.0 + 3.2 


25.8 12.4 


6.4+ 3.5 


DLt (2 mo) A% DLt (3 mo) A% 


—37.0 I.223:3 —43.3 FESS —44.1 


—39.9 23:9 7122 —43.5 25.34 14.6 —40.2 


—45.3 6.3 + 3.9 —46.2 7.0 4.3 —40.2 


Ang. = angina; DLt = long-term trial with Deponit at 1, 2 and 3 months; DSs = subchronic trial with Deponit-10; PI = placebo; A% = change percent. 
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Cross-over 


FIGURE 2. Daily attacks of angina 
pectoris (AP): number of attacks 
per month during the crossover 
subchronic trial and during the 3- 
month chronic (Chron.) trial. Place- 
bo (PLAC) vs Deponit (DEP). 

D = Deponit; P = placebo. 


no/1 month 


=: PLAC/DEP 


beverages for 23 hours and taking customary medica- 
tions. A 9-lead ECG (all limb leads and 3 precordial leads 
(Vi, V4 V6) was monitored continuously (3 leads at a 
time) and recordings were obtained at the end of each 
stage, at the end of exercise, during ischemic threshold 
(ST depression, 1 mm), at onset of angina and each 
minute for 10 seconds during recovery; blood pressure 
was measured at 1-minute intervals by cuff sphygmoma- 


nometer and by the same operator. Recovery was moni- 
tored with the patient in the standing position up to 10 
minutes or until regression of any signs or symptoms. The 
exercise was gradually terminated within the first minute 


Cross-over 


no/1 month 


FIGURE 3. Additional consumption 
of nitroglycerin. Abbreviations as in 
Figure 2. 


-: PLAC/DEP 


Chron. Trial 


3 
Months after start of therapy 


--: DEP/PLAC P=@ D=0O 


of recovery. Patients were instructed to indicate immedi- 
ately the time of onset of angina or any other symptom as 
well as the time of its termination. 

End points were typical angina of moderate severity 
and increasing with exercise, marked dyspnea, exhaus- 
tion, life-threatening arrhythmias, symptoms of cerebral 
hypoxia or gait disturbance, failure of systolic pressure to 
increase for 2 consecutive stages, decrease in systolic 
pressure while exercising, conduction defects, horizontal 
or downsloping ST-segment depression >2 mm and last- 
ing >0.08 second after the J point, blood pressure >220/ 
100 mm Hg, and upsloping of ST segment in any lead 


Chron. Trial 


3 
Months after start of therapy 


--: DEP/PLAC P=@ D=O 
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A SYMPOSIUM: ADVANCES IN NITRATE THERAPY (PART 2) 


TABLE II Exercise Variations Under Placebo or Deponit-10: Subchronic Trial 


Exercise 
Variables 


18.2? 
15.9! 
Soa. 
1379 
=16.97 


324 + 80 
245 + 70 
94 +41 


383 + 108 
284 + 92 
61 416 
291 + 99 
295 + 124 


Duration 
Time to AP 
Time to APR 
Time to IT 256 + 80 
Time to STR 355 + 137 


* p <0.05; t p <0.01; tł p <0.001. 
All times are expressed in seconds. 


339 + 107 
251 + 57 
92+ 43 
247 +75 
371 +139 


4 Hours 12 Hours 


D D 


448 + 127 
343 + 105 
68 + 20 
340 + 114 
281 + 90 


32.21 

36.7* 
—24t 

37.7! 
—24.31 


302 + 78 
237 +65 
92+ 33 
236 + 82 
406 + 221 


420+ 121 
319+ 98 
67+18 
333: 2 311 
286 + 114 


39.14 
34.6* 
—27.21 
41.1! 
—29.6* 


AP = angina pectoris; APR = regression of angina; D = Deponit-10; IT = ischemic threshold (ST displacement = 1 mm) downward; PI = placebo; STR = regression of ST 


abnormality. 


without Q waves related to previous myocardial infarc- 
tion. Heart rate was measured on the ECG. Parameters 
used for evaluation were: exercise duration, time to onset 
of angina, time to ST depression (ischemic threshold) of 1 
mm, time to disappearance of angina, time to regression 
of ST depression to baseline, heart rate, systolic blood 
pressure and double product. At each session, heart rate 
and blood pressure were recorded in the supine and up- 
right positions. All exercise results were evaluated by 
attending cardiologists blindly and separately. 

The main criteria for evaluating clinical efficacy were 
the change in the number of attacks of angina per week, 
the number of NTG tablets consumed and the duration 
of the attacks. 

Statistical analysis: Analysis of quantitative differ- 
ences between the placebo period and subchronic trial, 
and between subchronic and chronic trials was performed 
by multivariate analysis, each subject serving as his own 
control. The differences were calculated toward placebo 
value as a reference point and the significance of statisti- 
cal analysis was determined at p <0.05. 


RESULTS 

The trial was prematurely interrupted in 3 patients 
because of worsening angina pectoris, and other therapy 
was instituted. One patient was at his second week of 
treatment with the active patch, having completed the 
first arm of the randomized part with placebo. Another 
patient was in the third week of placebo after completing 
the month with Deponit and the third patient was in the 
first week of placebo after the month with active patch. 

A fourth patient failed to attend all exercise sessions, 
but his diary was available for clinical evaluation of daily 
angina and NTG consumption. Thus, 26 patients com- 


TABLE Ill Differences Between Subchronic and Long-Term Trial 


Exercise 
Variables 


383 + 108 
284 + 92 
61+ 16 
291 + 99 
295 + 124 


386 + 116 0.8 
295 + 97 3.9 
74 + 23 21:37 
287 + 94 —1.4 
297 + 126 0.7 


Duration 
Time to AP 
Time to APR 
Time to IT 
Time to STR 


* p <0.05. 
Abbreviations as in Tables | and Il. 
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448 + 127 
343 + 105 
68 + 20 
340 + 114 
281 +119 


pleted the full trial and were analyzed for clinical and 
exercise data, and 27 patients were analyzed for clinical 
results. 

No accidents or deaths occurred during the trial and 
during the exercise sessions. One of the 3 patients who 
interrupted the trial underwent coronary artery bypass 
surgery. Headache lasting 1 to 4 hours was observed in 8 
patients during the first few days of active treatment and 
in 4 patients a skin erythema requiring no treatment 
developed. Heart rate and systolic blood pressure at rest 
decreased 3 to 5% (p <0.05), changing from supine to 
standing position during the active treatment. Differ- 
ences after the chronic trial were not statistically signifi- 
cant. 

Antianginal effect: In 27 patients who completed the 
clinical trial (90%) the daily attacks of angina decreased 
significantly (p <0.001) during both the subchronic 
(36.2%) and the chronic (37 to 44%) trial (Table I, Fig. 
2): 

Consumption of NTG also decreased significantly (p 
<0.001) during both periods of study: 38.5% during the 
first part and 40 to 46% during the 3 months of the second 
part (Fig. 3). Duration of attacks was reduced during all 
periods of treatment compared with placebo (Table I). 

Exercise testing: Table II shows changes of exercise 
variables during the subchronic, double-blind, crossover 
part of the trial. Duration increased at any time from 
application of active patch: 18.2% at 0 time, 32.2% at 4 
hours and 39.1% at 12 hours. A similar finding was ob- 
served for other parameters of exercise performance such 
as time to angina, time to regression of angina, ischemic 
threshold and time to ST-segment normalization. 

Table III shows the differences observed for the pa- 
rameters just mentioned between the subchronic and the 


4 Hours 12 Hours 


DLt DLt 


427 +131 
324 + 101 
82 + 27 20.6* 
303 + 91 ~10:9* 
305 + 138 8.5 


—4.7 
D 


420 + 121 
319 + 98 
67 +18 
3334111 
286 + 114 


391 +110 
291 + 87 
74425 10.4* 
286 + 85 —14.1* 
289 + 138 1.0 


76.9 
—8.8 





600 Baseline 


FIGURE 4. Maximal duration of ex- 
ercise throughout the study period, 
at O time and 4 and 12 hours after 
application of patch. Baseline, after 
the first 7-day washout period; 
crossover 2-month period with the 
vertical dotted line which indicates 
the time of the crossover; chronic 
trial of 3 months with final evalua- 
tion; placebo, last washout period 
of 7 days. Continuous line means 
sequence placebo-Deponit; dotted 
line sequence Deponit-placebo: a 
significant improvement is observed 
during the treatment with active 
patch during both the subchronic 
and chronic phases, whereas the 
second washout period results are 
similar to the first period of wash- 
out and to placebo arm of crossover 
trial. Abbreviations as in Figure 2. 


chronic part of the trial. Duration of exercise was slightly 
diminished after 3 months of treatment but this differ- 
ence was not statistically significant. A significant de- 
crease in effect was observed on ischemic threshold and 
time to regression of angina at 4 and 12 hours. 

Figure 4 shows the pattern of exercise duration along 
the whole period of study: the active patch increases exer- 
cise duration during both the crossover and the chronic 
trial compared with baseline, placebo arm and final 
washout. A similar pattern is seen in Figure 5 in the time 
to angina pectoris. Finally, Figure 6 shows ST-segment 
depression at comparable load or stage: The active patch 


Baseline 


FIGURE 5. Time to onset of angina 
pectoris during exercise testing. A 
significant improvement is observed 
during active treatment with De- 
ponit compared with placebo and 
both washout periods. Abbrevia- 
tions as in Figure 2. 


Cross-over Chron. Trial Placebo 


12 O 4 
Hours post application 


:PLAC/DEP --: DEP/PLAC P=®@ D 


reduces ST-segment displacement during both the cross- 
over and the chronic study compared with placebo. 


DISCUSSION 

The first part of this study (double-blind, placebo- 
controlled crossover) confirms previous results showing 
significant antianginal and anti-ischemic effects of De- 
ponit-10 patch in patients with stable angina pectoris. 18-2? 
This finding is in agreement with other investigators us- 
ing other NTG transdermal delivery systems.!°-!’ 

The second part of the trial seems to indicate that the 
antianginal effect remains constant throughout the 3 


Cross-over Chron. Trial Placebo 


| 
| 
| 
| 
| 
| 
| 
| 
| 
} 


12 O 4 12 
Hours post application 


-;PLAC/DEP --: DEP/PLAC P=@ 
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2.5 


Baseline Cross-over 


2.0 


1.5 


1.0 


0.5 


12 O 4 12 O 
Hours post application 


-:PLAC/DEP --: DEP/PLAC 


months of subchronic treatment and that this effect, al- 
though somewhat reduced, is also present after 3 months. 
Duration of exercise and time of onset of angina pectoris 
were slightly but not significantly reduced at the end of 
the chronic trial compared with the subchronic study. 
Time to regression of angina and to regression of ST- 
segment depression was significantly longer after long- 
term treatment compared with earlier results during the 
first part of the trial. These results show that some degree 
of attenuation of anti-ischemic effect has occurred but 
not to a degree that completely nullifies the therapeutic 
effects of the patch. The final washout period shows that 
persisting improvement was due to NTG patch and not to 
a training effect or to a spontaneous or pharmacologic 
(due to other drugs) improvement in the disease. 

Our findings are in agreement with other workers who 
performed controlled subchronic and chronic studies us- 
ing Deponit-10 or other NTG delivery systems,'3-'® but 
vary with findings of those who have shown rapid toler- 
ance development with NTG patches and with other ga- 
lenic preparations of nitrates in controlled studies.5-!! 
This may explain the controversy that appears ongoing 
and relies on different patient selection, NTG prepara- 
tions and different ways of dosage administration. Our 
patients were carefully selected among those who re- 
sponded acutely to transdermal NTG patch to avoid con- 
sidering tolerance which could have yielded no response 
from the start. 

Another point that needs emphasis is that all of our 
patients were taking other drugs constantly throughout 
the study. Thus, association with other drugs, which often 
is the therapy of choice in the real clinical situation, may 
counterbalance the development of mechanisms contrib- 
uting to tolerance development as has been seen with 
angiotensin-converting enzyme inhibitors combined with 
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Chron. Trial 


Placebo 


FIGURE 6. ST-segment depression 
at comparable stage or load. Con- 
siderable reduction of ST depres- 
sion is observed during both subch- 
ronic and chronic trial compared 
with placebo and washout periods. 
Abbreviations as in Figure 2. 


nitrates.” This association with other drugs may be a 
better alternative to a nitrate-free interval, an idea that 
has been proposed by several investigators to restore effi- 
cacy; however, it is limited to an incomplete therapeutic 
coverage during a 24-hour day.!!.!2.24 
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Interval Treatment of Coronary Artery Disease 
with Sustained-Release Isosorbide-5-Mononitrate 


Wolfgang Jansen, MD, Regina Prenze, MD, Hartmut Kümper, MD, and Michael Tauchert, MD 


The possibility of maintaining preload reduction 


and enhancement of exercise tolerance during an 
interval treatment with 50 mg/day of sustained-re- 
lease isosorbide-5-nitrate (IS-5-N) was investigated 
in 13 patients (aged 54.4 + 7.9 years [mean + 
standard deviation]) with angiographically con- 
firmed coronary artery disease and chronic stable 
angina pectoris. The effects of a single dose (acute 
test) were compared with those following an 8-day 
(chronic) regimen of mononitrate administration. 

Two hours after administration of 50-mg sus- 
tained-release IS-5-N, mean resting pulmonary ar- 
terial pressure (PAP), measured with a Swan-Ganz 
catheter, was reduced by 27% (p <0.01), and at 
submaximal exercise level (50 W, 3 minutes) by 
34% (p <0.001). At individually highest compara- 
ble work loads mean PAP was reduced by 28% (p 
<0.01), and at maximal work load the PAP reduc- 
tion was 21% (p <0.05). 

At the end of 1 week of therapy with sustained- 
release IS-5-N a slight, clinically irrelevant reduc- 
tion of hemodynamic effects was recorded. 

Work capacity increased after 1 hour by 60% 
(408 + 104 vs 653 + 147 W x min, p <0.001)— 
still significantly above baseline 10 hours after ni- 
trate administration. No difference from baseline 
was demonstrable 24 hours after medication. Dur- 
ing interval therapy the improved work capacity 
was fully maintained (chronic, 1 hour: 417 + 93 vs 
679 + 160 W x min, p <0.001). 

During interval therapy with sustained-release 
IS-5-N, hemodynamics and exercise tolerance were 
durably improved. Thus, the once-daily intake is 
beneficial for patient compliance and prevents tol- 
erance development during long-term management 
of coronary artery disease. 

(Am J Cardiol 1990;65:16J-—223) 


From the First Medical Department, City Hospital, Leverkusen, Feder- 
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itrates are used as basic medication in almost 
N” patients with angina pectoris,! unless there 

are striking contraindications. Nitroglycerin re- 
mains the drug of first choice for alleviating acute or 
exercise-induced anginal attacks and it is superior in this 
respect to any other antianginal compound. For the long- 
term management of coronary artery disease, however, 
isosorbide dinitrate (ISDN) and isosorbide-5-nitrate (IS- 
5-N) are especially suitable.? After oral administration 
ISDN undergoes an extensive “first pass” metabolism in 
the liver, and thus mainly isosorbide-2-nitrate and IS-5- 
N are demonstrable in the plasma. In contrast, IS-5-N 
does not undergo a first-pass effect, and therefore be- 
cause of its nearly 100% bioavailability, is most suitable 
for long-term management of coronary artery disease. 

However, because clinically relevant nitrate tolerance 
may develop during long-term nitrate therapy with high 
doses and brief dosing intervals, causing constantly ele- 
vated plasma concentrations*° (together with intermit- 
tent low-dose nitrate therapy°), the once-daily adminis- 
tration of high-dose sustained-release ISDN and IS-5-N 
preparations gained increasing acceptance.’-'! With the 
rhythmic circadian oscillations of plasma nitrate concen- 
trations resulting from this so-called interval therapy the 
development of nitrate tolerance was to be averted and 
patient compliance essentially improved. !? 

The present investigation was aimed at assessing the 
hemodynamic and antianginal potency of 50-mg sus- 
tained-release IS-5-N after acute dosing in patients with 
angiographically confirmed coronary artery disease with 
the aid of standardized exercise, and at finding out 
whether any signs of tolerance development would occur 
at the end of 1 week of monotherapy with 50-mg sus- 
tained-release IS-5-N. 


PATIENTS 

Thirteen men with angiographically confirmed coro- 
nary artery disease, aged 41 to 65 years (mean 54.4 + 
standard deviation 7.9) were included in the study. All 
patients had given informed consent to participate. All 
had stable angina pectoris. Patients with unstable angina 
pectoris, malignant arrhythmias, manifest heart failure, 
arterial hypertension requiring treatment, valvular disor- 
ders and pulmonary diseases were not included. Six of the 
patients had a history of myocardial infarction; 7 patients 
had 1-vessel, 4 had 2-vessel and the remaining patients 3- 
vessel disease. Ergometer stress testing for diagnosis was 
followed by a 3-day washout period during which the 
patients were not allowed to take antianginal drugs ex- 





SHE 1S-5-N 


EXERCISE 


CONTROL 


CHRONIC: 


FIGURE 1. Top, study protocol on day 1 and day 2. Baseline exercise test followed by administration of 50-mg sustained-re- 
lease IS-5-N, and exercise tests after 1, 2, 4, 10 and 24 hours; repeated exercise 2 hours after 50-mg sustained-release IS-5-N 
(26 hours). Bottom, study protocol on day 8 after premedication exercise, administration of 50-mg sustained-release IS-5-N and 
repeat exercise tests after 1, 2, 4, 10 and 24 hours, as well as after administration of another 50-mg sustained-release 1S-5-N 


(26 hours). E = exercise. 


cept for nitroglycerin capsules or spray for anginal at- 
tacks. At the conclusion of the washout period as well as 
after 1 week of therapy investigations were performed 
according to the trial protocol shown in Figure 1. 

After inserting the Swan-Ganz catheter into the pul- 
monary circulation and after 15 minutes of adaptation to 
the diagnostic procedure, the following hemodynamic pa- 
rameters were determined or calculated: heart rate (from 
electrocardiography), phasic and mean arterial pressure 
(cuff method), phasic or mean pulmonary artery pressure 
(PAP) (Flexopulmocath by Grandjean F4, Fr. Vygon, 
Aachen, Statham P23 ID), and pressure-rate product 
(systolic blood pressure X heart rate). After measure- 
ments were obtained at rest, supine bicycle exercise on a 
round-independent bicycle ergometer was performed at 
50 W for 3 minutes. At the end of the third exercise 
minute (submaximal exercise) all parameters were deter- 
mined; subsequently, exercise was continued at 25-W 
increments for 3 minutes each up to the symptom-limited 
work load (maximal exercise). 

Maximal work capacity was calculated as the product 
of Watts X exercise duration in minutes. 


The following inclusion criterion was selected for the 
study: increase of mean PAP to >30 mm Hg at the third 
minute on the 50-W exercise level. 

Criteria for discontinuation were exercise dyspnea or 
anginal pains, peripheral exhaustion, increase of mean 
PAP to >60 mm Hg, pathologic blood pressure elevation 
to >230 mm Hg systolic or 130 mm Hg diastolic, and 
pathologic heart rate acceleration to >200 minus years of 
age. 

After a 15-minute recovery phase during which all 
parameters returned to baseline values, every patient re- 
ceived an oral tablet containing 50-mg sustained-release 
IS-5-N. One and 2 hours later, respectively, all parame- 
ters were again measured according to the previously 
described protocol. Subsequently, the right-sided cardiac 
catheter was removed. Four, 10 and 24 hours after the 
first mononitrate dose, supine exercise was repeated. On 
the following day, 2 hours after the administration of 50- 
mg sustained-release IS-5-N (26th hour) supine exercise 
was again performed. Immediately afterward every pa- 
tient was started on l1-week monotherapy with 1 daily 
dose of 50-mg sustained-release IS-5-N. No concomitant 
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A SYMPOSIUM: ADVANCES IN NITRATE THERAPY (PART 2) 


TABLE I Effect of Acute (A) and One-Week Therapy (C) with 50 mg of Sustained-Release Isosorbide-5-Nitrate at Rest and at 
Submaximal Exercise (50 W, 3 Minutes) 


Parameter 


HR (beats /min) 
BP. X HR (mm Hg/min x 10-2) 


BPmean (mm Hg) 


CB OD BC) a 


Baseline 


1 Hour 


2 Hours 


71417 
76418 


78 + 23* 
88 + 29 


90 + 9* 
944+8 


4 Hours 


10 Hours 


24 Hours 


26 Hours 


Submaximal Exercise (50 W; 3 minutes) 


HR (beats /min) 
BP, X HR (mm Hg/min X 107?) 


BP mean (mm Hg) 


Gy E A T E 


105 + 16 
108+ 15 


166 + 40 
169 + 36 


117+13 
115411 


99415 
103 + 16 


151 + 40* 
158 + 35 


111413 
11411 


1014+ 14 
104 + 15 


[5i 431% 
160 + 38 


108+ 13 
116413 


106 + 14 
106+ 15 


159 + 36 
166 + 36 


106+ 9 
113410 


102+ 13 
107 + 16 


157 + 27 
166 + 40 


109 + 10 
113+ 10 


107 + 16 
103 + 17 


163 + 37 
158 + 40 


108 + 12 
11049 


103+ 13 
102 + 16 


156 + 31 
155 + 34 


108 + 13 
109+ 8 


* p <0.05. 
Values are mean + standard deviation. 


BP mean = Mean arterial pressure; BP, X HR = pressure-rate product; HR = heart rate. 


treatment with other coronary drugs, diuretic agents or 
digitalis was allowed except for nitroglycerin in case of 
anginal attacks. After 1 week of treatment, the previously 
described protocol of hemodynamic and ergometric pa- 
rameters was repeated for every patient. 

The Student ¢ test for related samples was used for 
statistical comparisons. The significance level was fixed 
at a value of p <0.05. The data were reported as mean + 
standard deviation. 


RESULTS 

The 1-week monotherapy with 50-mg sustained-re- 
lease IS-5-N was well tolerated by all of the patients. 
Because they had been formerly treated with various 
ISDN or IS-5-N doses, none complained of headaches. 

Heart rate and arterial pressure: No significant in- 
crease in heart rate was recorded after the intake of 50- 
mg sustained-release IS-5-N either at rest or during sub- 


maximal exercise. At the end of the 1-week nitrate treat- 
ment there were no significant changes compared with 
baseline (Tables I and II). 

With regard to mean arterial pressure, a significant 
decrease was recorded within 2 hours after acute nitrate 
intake, both at rest and during submaximal exercise. 
Four hours after nitrate administration as well as after 
the 1-week mononitrate therapy, no clinically relevant 
influence on systolic and mean arterial pressure was not- 
ed. Diastolic arterial pressure was not conclusively influ- 
enced by mononitrates either at rest or during exercise. 

No significant difference in heart rate and arterial 
pressure was recorded during maximal exercise, both af- 
ter acute and chronic mononitrate intake (Table II). 

Pressure-rate product: In accordance with the systol- 
ic blood pressure reduction, the pressure-rate product 
significantly decreased both at rest and during submaxi- 
mal exercise 1 and 2 hours after dosing, respectively. At 


TABLE Il Effect of Acute (A) and One-Week Therapy (C) with 50 mg of Sustained-Release Isosorbide-5-Nitrate per Day During 


Maximal Exercise Level (Discontinued) 


Parameter Baseline 1 Hour 2 Hours 4 Hours 10 Hours 24 Hours 26 Hours 


Maximal Exercise (Discontinued) 


HR (beats /min) 
BP, X HR (mm Hg/min X 1073 


BPmean (mm Hg) 


117 +20 
121+ 16 
200 + 59 
208 + 48 
122+ 16 
124+ 12 


127+19 
13}:19 
238 + 69 
248 + 52 
126 +15 
129413 


126418 
133415 
238 + 64 
248 + 52 
126+ 14 
129+ 11 


125+ 16 
130 + 16 
218+ 48 
244 + 41 
118 12 
127 +9 


120+ 18 
127+ 14 
212445 
230 + 38 
120+ 14 
127411 


Lids 37 
118 + 20 
195 + 48 
204 + 52 
117413 
119+ 10 


127+ 16 
126415 
237 + 54 
238 + 37 
124+ 12 


127+9 
646 + 114* 
673+ 101" 
519 + 63* 
554 + 95t 


408 + 104 
417 +93 
374477 
382 + 63 


653 + 147* 
679 + 160! 
522 + 78* 
530 + 86* 


669 + 151* 
708 + 125' 
533 + 89* 
554 + 69* 


587 + 129* 
631 + 1251 
485 + 79* 
522 + 63t 


Working capacity (W X min) 524 + 81* 
534+ 1241 
445 + 55* 


460 + 67* 


379 + 84 
4134157 
355 + 60 
373+ 101 


Duration of exercise (sec) 


D NOPO OSOD 


* p <0.01; ' p <0.001. 
Values are expressed as mean + standard deviation. 
Abbreviations as in Table I. 
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EXERCISE 
B 


(HHH 2hafter 50mg IS 5 Ns.. 


2h after 50mg IS 5 N s.r. 


FIGURE 2. Mean pulmonary artery pressure (PAP) before and 2 hours after 1 week of treatment with daily 50-mg sustained- 
release (s.r.) IS-5-N in 13 patients with coronary artery disease (A = 50 W, 3 min; B = individually highest comparable exercise 
level; C = maximal exercise [discontinued]). ns = nonsignificant; *p <0.05; **p <0.01; ***p <0,001); values are mean + stan- 


no time throughout chronic mononitrate administration 
were conclusive changes of this parameter recorded (Ta- 
bles I and II). 

Pulmonary artery pressure: One and 2 hours after 
the administration of 50-mg sustained-release [S-5-N, 
the resting mean PAP decreased 31% (p <0.01) and 27%, 
respectively (p <0.01). At the end of the 1-week mono- 
therapy there was no difference from baseline values 
(16.8 + 3.1 mm Hg vs 16.6 + 1.4mm Hg). After another 
dose of 50-mg sustained-release IS-5-N, PAP was re- 
duced only 11% during the first and second hour. At 
submaximal exercise mean PAP was reduced 34% (p 
<0.001) after 1 and 2 hours compared with control values 
(Table II, Fig. 2). 


At individually highest comparable exercise levels be- 
fore and after nitrate administration, PAP reductions 
after 1 and 2 hours, respectively, were 28% (p <0.001). 
During maximal exercise (discontinued before and after 
nitrate administration), PAP after 1 and 2 hours was 
below baseline values by 21% (p <0.01). 

At the conclusion of the 1-week monotherapy, PAP 
reductions during submaximal exercise (first and second 
hour) was 26% (p <0.001) and 29%, respectively, (p 
<0.001); at individually highest comparable exercise lev- 
els (first and second hour), reduction was 19% (p <0.01) 
and 29% (p <0.001), respectively; during maximal exer- 
cise (discontinued) (first and second hour), reduction was 
15% (p <0.05) (Table III, Fig. 2). 


TABLE Ill Effect of Acute (A) and One-Week Treatment (C) with 50 mg of Sustained-Release Isosorbide-5-Nitrate per Day on 
Mean Pulmonary Artery Pressure at Rest, at Submaximal Exercise Level (50 W, 3 Minutes), at Individually Highest Comparable 


Exercise Level and During Maximal Exercise (Discontinued) 


PAP mean (mm Hg) 


Rest 
Submaximal exercise (50 W 3 min) 
Indiv. highest comparable exercise level 


Max. exercise (discontinued) 


* p <0.05; t p <0.01; * p <0.001. 


Indiv. = individually; Max. = maximal; PAP = pulmonary artery pressure. 


OPOPORPRODP 


Baseline 


16.8 3.1 
16.6 + 1.4 
34.0 + 4.4 
34.1 +6.0 
39.1 £392 
41.445.7 
39.1 +45.2 
41.45.7 


11.6 + 2.4t 
14.7 +1.3* 
22.5 + 5.0 
25.2 + 4.33 
28.0 + 6.6 
33.1 4 6.21 
31.8 + 7.2t 
36.6 + 7.9* 


2 Hours 


12.3421 
14.7 + 2.3* 
22.8 + 2.93 
24.4 + 5.0# 
27.9 + 5.3} 
29.0 + 5.91 
30.9 + 7.17 
35.3+8.9* 
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FIGURE 3. Working capacity (W x min) after acute dosing with 50-mg sustained-release (s.r.) IS-5-N and at the end of 1-week 
monotherapy with daily 50-mg sustained-release IS-5-N in 13 patients with coronary artery disease. ns = nonsignificant; **p 


<0.01; ***p <0.001; values are mean + standard deviation. 


Work capacity and work load: During the first and 
second hours after 50-mg sustained-release IS-5-N, work 
capacity increased 60 and 63%, respectively (both p 
<0.001). The increased work capacity after single-dose 
medication was still present 4 (44%, p <0.01) and 10 
(28%, p <0.01) hours later; after 24 hours, however, there 
was no longer a difference from the initial value (379 + 
84 vs 408 + 104 W X min). Two hours after another dose 
of mononitrate (26 hours) it increased again, as on the 
previous day, to 646 + 114 W X min (p <0.01) (Table II, 
Fig. 3). 

At the conclusion of the 1-week monotherapy with 50 
mg/day sustained-release IS-5-N, the initial value of 
work capacity was not different from the baseline (408 + 
104 vs 417 + 93 W X min). However, 1 hour after 
administration of 50-mg sustained-release IS-5-N, it was 
679 + 160 W X min (63%, p <0.001). Two, 4 and 10 
hours afterward, work capacity was significantly en- 
hanced by 70% (p <0.001), 51% (p <0.001), and 38% (p 
<0.01), respectively, above the initial value, whereas no 
increase was demonstrable 24 hours later. As on the sec- 
ond day, work capacity increased on the ninth day by 
63%, from 413 + 157 to 673 + 101 W X min 2 hours after 
mononitrate administration (Table II, Fig. 3). 

Exercise duration was significantly prolonged for 10 
hours by 50-mg sustained-release IS-5-N (first hour, 
40%; second hour, 43%; fourth hour, 30%; and tenth hour, 


20) THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


19%). No tapering of the effect was demonstrable after 1 
week of daily dosing with 50 mg sustained-release IS-5-N 
compared with the initial values (Table II, Fig. 4). 


DISCUSSION 

Efforts to reduce the number of daily antianginal tab- 
lets in order to benefit the patients and to improve their 
compliance have resulted in the development of high-dose 
sustained-release nitrate formulations. These prepara- 
tions were intended to afford antianginal protection for 
10 to 12 hours after a single dose in the morning on the 
one hand, and to prevent the build-up of high plasma 
concentrations on the other, i.e., nitrate accumulation 
that may lead to nitrate tolerance.'*!° 

Our results confirmed the clear-cut, preload-reducing 
and antianginal short-term effects of 50-mg sustained- 
release IS-5-N in patients with coronary artery disease. 
The antianginal effect starts within 30 minutes and is 
most pronounced after 2 hours. The prolongation of the 
time to exercise-induced angina pectoris lasts for >10 
hours, and is no longer demonstrable 24 hours after mon- 
onitrate administration. 

During 1 week of monotherapy with 50-mg sustained- 
release IS-5-N, no tapering of the antianginal effects was 
noted, and the improvement in exercise tolerance re- 
mained unchanged. In all patients, there was a marked 
reduction of PAP 1 and 2 hours after the first dose of 50- 
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FIGURE 4. Exercise duration (sec) after acute dosing with 50 mg sustained-release (s.r.) IS-5-N and after 1 week of monother- 
apy with daily 50-mg sustained-release IS-5-N in 13 patients with coronary artery disease. ns = nonsignificant; **p <0.01; 


***p <0.001); values are mean + standard deviation. 


mg sustained-release IS-5-N, and this reduction was es- 
pecially pronounced during exercise. After 1 week of 
nitrate therapy, measurements of PAP revealed a slight, 
clinically nonrelevant regression of preload reduc- 
tion. 

Our findings agree with those of other groups who 
used high-dose preparations of ISDN or IS-5-N in sus- 
tained-release formulation. Thus, after the first dose of 
120-mg sustained-release ISDN as well as after 1 to 4 
weeks of continuous monotherapy, most of the groups 
reported anti-ischemic protection and an increase in exer- 
cise capacity lasting 10 to 12 hours. No group observed a 
sufficiently pronounced antianginal and anti-ischemic ef- 
fect after 24 hours.’~!°.!2,!7-20 Using interval therapy with 
various sustained-release formulations of IS-5-N, Ans- 
mann and Schirmer,” Eggeling et al,?! Kenedi? and 
Mitrovic et al? equally found anti-ischemic protection 
and significant increases in exercise tolerance lasting for 
>8 hours. This 24-hour interval therapy with 50-mg sus- 
tained-release IS-5-N also showed no demonstrable im- 
provement in exercise tolerance after 24 hours. In con- 
trast to the findings of these investigators and to our own, 
only Bramann et al** demonstrated a persistent improve- 
ment in exercise tolerance 24 hours after administration 
of 40-mg sustained-release IS-5-N. 

Although our group unequivocally confirmed the ef- 
fectiveness of 24-hour interval therapy with 50-mg sus- 


tained-release [S-5-N based on hemodynamic measure- 
ments and repeated exercise testing, Thadani et al? re- 
ported the development of complete hemodynamic and 
antianginal tolerance after 1 week of treatment with 50- 
and 100-mg sustained-release IS-5-N. Four hours after 
the first dose of 50- or 100-mg sustained-release IS-5-N, 
they noted a significant acceleration in heart rate by 9 
and 11% and a prolongation of exercise time of 17 and 
22%. These parameters, however, were no longer distin- 
guishable from their baseline values 20 and 24 hours after 
acute dosing. After 1 week of monotherapy, 4 hours after 
a new dose of sustained-release IS-5-N, no significant 
increase in heart rate and exercise duration occurred, 
despite plasma concentrations that were about the same 
during chronic treatment as after acute dosing. 

This pronounced tolerance development during inter- 
val therapy was not confirmed so far by any other group 
of investigators using either ISDN or IS-5-N in sus- 
tained-release formulations. Unlike the Thadani proto- 
col, our investigations as well as the study by Wortmann 
et al'® were conducted according to an open design with- 
out placebo control for ethical reasons. This was possible 
because we,”° in accordance with the group of Khurmi et 
al,’ were able to demonstrate that placebo does not have 
an essential influence on hemodynamics and work capac- 
ity. Thadani explained tolerance development during 
chronic interval therapy with sustained-release IS-5-N by 
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high plasma concentrations of 2- and 5-mononitrate, re- 
spectively. This was at variance with the findings of our 
group which failed to observe a reduction in either hemo- 
dynamic or antianginal effects even after 1 week of treat- 
ment with 100-mg sustained-release IS-5-N, although 24 
hours after nitrate administration IS-5-N plasma concen- 
trations of >200 ng/ml were measured.”® 

Because of the circadian oscillation of plasma nitrate 
concentrations, the investigated therapeutic schedule of 
once-daily 50-mg sustained-release IS-5-N corresponds 
to a 24-hour interval therapy. Tolerance development 
may be prevented by intermittent nitrate administration 
and the resulting plasma concentration changes. The 
antianginal and anti-ischemic nitrate effects are thus 
fully preserved during long-term treatment. After the 
morning dose of 50-mg sustained-release IS-5-N, the pa- 
tients are sufficiently protected for the duration of their 
physical activity. For these patients, a 24-hour interval 
treatment with high-dose nitrate preparations is more 
suitable than a 12-hour dosing interval, because the anti- 
anginal and the anti-ischemic protection is clearly dimin- 
ishing 6 to 8 hours after intake of low-dose nitrates in 
normal formulation.®2? At the same time, the concept of 
interval therapy contributes toward improving patient 
compliance. The use of this sustained-release formulation 
for the treatment of coronary artery disease is justified by 
a good tolerability of the investigated substance and 
its prolonged antianginal effectiveness lasting for >10 
hours. Thus, neither transdermally applied nitroglycer- 
in? nor ISDN?! nor high-dose ISDN or IS-5-N sus- 
tained-release preparations’:!°.”* is able to afford antian- 
ginal and anti-ischemic protection around the clock, i.e., 


for 24 hours. Therefore, whenever required by the clinical 
condition and provided there are no contraindications, 
combined therapy with nitrate and -receptor blocking 
agents or, respectively, nitrates and calcium antagonists 
should be considered for long-term therapy.*” 
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Nitrate Therapy in the Elderly 


Joseph S. Alpert, MD 


Changes in the heart and blood vessels with age al- 


ter the response of the cardiovascular system to 
pharmacologic agents. Nitrate plasma half-life is 
longer and volume of distribution is larger in older 
persons. Apparently, these pharmacokinetic differ- 
ences in older persons lead to increased venous 
smooth muscle responsivity to nitrates which, in 
turn, leads to greater reductions in central venous 
and pulmonary arterial pressures after nitrate ad- 
ministration. This is probably the explanation for 
the greater frequency of nitrate-induced severe hy- 
potension and bradycardia in elderly patients with 
myocardial infarction compared with younger pa- 
tients. Clinicians should be cognizant of the 
changes in the cardiovascular system which occur 
with age that sensitize the elderly patient to the ac- 
tion of organic nitrates. Initial dosages of nitrates 
should accordingly be less than in younger patients. 
(Am J Cardiol 1990;65:23J-—27)J) 
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ardiovascular disease occurs often in elderly 
i patients. The diagnosis and management of a vari- 

ety of cardiovascular conditions is often different 
in elderly subjects compared with younger patients. 
Changes with age in the cardiovascular system, liver and 
kidneys result in altered responses, distribution and me- 
tabolism of many cardiac drugs. Consequently, it is ap- 
propriate to review various aspects of cardiovascular dis- 
ease in the elderly that differentiate these conditions from 
similar pathologic entities in younger patients. The major 
emphasis in this review will be on nitrate therapy in 
elderly patients with heart disease, particularly coronary 
artery disease. 


THE AGING CARDIOVASCULAR SYSTEM 

A number of changes occur in the cardiovascular sys- 
tem with aging. There are effects on both the heart and 
the blood vessels. The inherent rhythmicity of the sino- 
atrial node declines with age leading to a lessened heart 
rate response to exercise or other demands.! Similarly, 
maximal cardiac output decreases with age. 

A variety of anatomic changes take place in the car- 
diovascular system with normal aging. Some of these 
changes increase the elderly patient’s susceptibility to 
orthostatic or drug-induced hypotension (Table I). The 
left ventricular myocardium hypertrophies, probably in 
response to increasing systolic blood pressure which, in 
turn, is the result of decreasing arterial compliance and 
abnormal ventricular-vascular coupling. Decreased left 
ventricular compliance increases the tendency for cardiac 
output to decrease in response to decreases in venous 
return which might occur with the administration of a 
venodilator. Age-associated changes in vascular connec- 
tive tissue result in progressively increasing stiffness of 
the myocardium and arteries. The etiology of these 
changes in myocardial or arterial wall stiffness remains 
unknown. However, changes in arterial wall stiffness may 
be the result of increased collagen, elastin, glycosamino- 
glycans, calcium and lipid in the arterial walls of elderly 
patients. 

In addition, the response of the heart to 8-adrenergic 
stimulation diminishes with age, perhaps secondary to 
decreased numbers of 6 receptors in elderly subjects.* 
Thus, the older person’s response to exercise resembles 
that of a younger person who has taken 8 blockers. 

Because nitroglycerin acts on blood vessels, one 
should examine in more detail the effect of aging on 
vascular function (Table I). As noted earlier, advancing 
age is associated with decreased vascular distensibility of 
major arteries. In most developed countries, this loss of 
distensibility is associated with the development of systol- 
ic arterial hypertension.*> Diastolic blood pressure usual- 
ly remains normal. A second explanation for the observed 
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TABLE I Factors Predisposing Elderly Subjects to 
Orthostatic and Vasodilator-Induced Hypotension 


Decreased vascular distensibility 

Decreased myocardial compliance: increased sensitivity of cardiac 
output to decreased venous return 

Decreased 6-adrenergic response of the myocardium 

Abnormal baroreceptor function: decreased response to arterial 
hypotension 

Decreased extracellular fluid volume: decreased plasma volume 


frequency of systolic hypertension in the elderly is an 
abnormal coupling of left ventricular function to arterial 
capacity so that too much blood is delivered from the left 
ventricle into the aorta during each systole.* This may be 
the result of excessive sympathetic nerve activity. 
Elderly subjects frequently have abnormal arterial 
baroreceptor function. Thus, increases in heart rate with 
hypotension and bradycardia in response to hypertension 
are both blunted in the elderly.67 Recently Amorim et alë 
tested autonomic nervous system function in healthy el- 
derly male subjects.* They had decreased heart rate and 
arterial blood pressure responses to standardized stimuli, 
e.g., Valsalva maneuver, cold pressor test, intravenous 
infusion of phenylephrine, and so forth. Their results sug- 
gested decreased vagal function in these subjects. They 
also observed decreased sympathetic nervous stimulation 
of the heart with induced hypotension, as previously men- 
tioned. It has been suggested that this abnormal barore- 
ceptor function in the elderly is the result of altered arteri- 
al wall compliance.> Clearly, abnormal baroreceptor 
function coupled with decreased arterial compliance pre- 
dispose older patients to orthostatic or drug-induced hy- 
potension (Table I). It is important to bear this in mind 
when considering vasodilator therapy in these patients. 
Older persons have significantly less body water, especial- 
ly in the extracellular compartment. Plasma volume is 
also decreased in geriatric patients.” This also helps to 
explain the greater susceptibility of older subjects to de- 
hydration and orthostatic or drug-induced hypotension. 


ALTERED DRUG PHARMACODYNAMICS 
IN THE ELDERLY 

Adverse drug reactions are very common in older 
patients.!° These reactions are the result of (1) altered 
patterns of drug distribution and metabolism in the elder- 
ly; (2) increased sensitivity to drug action in older sub- 
jects; and (3) the effect of disease and aging on organ 
function. !° 

Many changes occur in bodily composition and the 
physiology of drug metabolism in older persons (Table 
II). Thus, decreased total body water and plasma volume 
alter the volume of distribution of a particular agent, 
thereby shifting its tissue level and its rate of elimination. 
Lipid soluble drugs find increased body fat in older sub- 
jects, which also alters the volume of distribution. De- 
creased hepatic blood flow, hepatic enzyme inducibility 
and glomerular filtration rate decrease drug metabolism 
and clearance. The elimination rate of a drug from the 
body is a function of volume of distribution and clear- 
ance. As just noted, both of these variables are altered 
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TABLE II Changes in Body Composition and the Physiology 
of Drug Metabolism with Age 


Decreased total body water 

Decreased plasma volume 

Decreased lean body mass: increased percent body fat 
Decreased serum albumin concentration 

Decreased cardiac output: decreased hepatic blood flow 
Decreased inducibility of hepatic enzymes 

Decreased glomerular filtration rate 


Adapted from Am J Cardiol.?° 


(often decreased) by aging. Therefore, the elimination 
rate for many drugs is decreased in geriatric patients. 

Altered susceptibility to drug action is common in 
elderly persons. For example, the decreased response to ĝ- 
adrenoreceptor stimulation and the alterations in barore- 
ceptor function that occur in older subjects make them 
less sensitive to 6-blocking agents. 

Finally, and perhaps most important, elderly subjects 
are prone to a variety of degenerative, metabolic and 
neoplastic processes. Many of these pathologic states ei- 
ther alter drug metabolism or change individual suscepti- 
bility to drug action. For example, vasodilator drugs may 
alter perfusion /ventilation balance in the lung and there- 
by lead to arterial hypoxemia secondary to shunting of 
desaturated blood through the pulmonary vascular bed. 
Patients with chronic obstructive lung disease who are 
already desaturated may therefore tolerate vasodilator 
therapy poorly. 

Despite the presence in elderly patients of the factors 
just discussed, many drugs may be administered to older 
subjects adhering to a dose and schedule similar to that 
used for younger persons. While some agents (e.g., hepa- 
rin, benzodiazepines) do demonstrate age-related in- 
creases in toxicity, many compounds do not.!! Further- 
more, limited information is available for most drugs 
concerning age-related changes in distribution, metabo- 
lism and toxicity. The clinician must therefore exercise 
caution and common sense in prescribing for geriatric 
patients. 


OVERVIEW OF NITRATE 
CLINICAL PHARMACOLOGY 

A considerable body of information exists concerning 
the clinical pharmacology of organic nitrates. Much of 
this information has been obtained in animal models and 
younger patients. A general overview of these data fol- 
lows. 

Organic nitrates (nitroglycerin, isosorbide mononi- 
trate and dinitrate and others) are potent relaxers of 
smooth muscle. They have a powerful effect on vascular 
smooth muscle with less effect on bronchiolar, gastroin- 
testinal, ureteral and uterine smooth muscle. Nitrates 
relax both venous and arterial smooth muscle. Low con- 
centrations of these agents produce predominantly ve- 
nous dilatation, whereas higher concentrations dilate 
both arteries and veins.!!° 

Venous dilatation pools blood in the periphery leading 
to a decrease in venous return, central blood volume, and 
ventricular filling volumes and pressures. Cardiac output 





may remain unchanged or it may decline as a result of the 
decrease in venous return. Arterial blood pressure usually 
declines secondary to a decrease in cardiac output or 
arteriolar vasodilatation, or both. A modest, reflex in- 
crease in heart rate results from the decrease in arterial 
blood pressure. Nitrates can dilate epicardial coronary 
arteries including atherosclerotic stenoses. !4 

The cellular mechanism of nitrate-induced smooth 
muscle relaxation has become apparent in recent 
years.'>-!7 Nitrates enter the smooth muscle cell and are 
cleaved to inorganic nitrate and eventually to nitric oxide. 
This cleavage requires the presence of sulfhydryl groups 
which apparently come from the amino acid, cysteine.!’ 
Nitric oxide undergoes further reduction to nitrosothiol 
by further interaction with sulfhydryl groups.'* Nitro- 
sothiol activates guanylate cyclase in the vascular smooth 
muscle cells, thereby generating cyclic guanosine mono- 
phosphate (cGMP). It is this latter compound, cGMP, 
that produces smooth muscle relaxation by accelerating 
the release of calcium from these cells.!?7° 

Organic nitrate pharmacokinetics are quite complex 
because these agents are highly lipophilic and extensively 
distributed throughout the body.”! Nitroglycerin is rapid- 
ly absorbed after buccal, sublingual, oral or topical ad- 
ministration. The onset, peak and duration of nitroglycer- 
in action vary with the formulation: buccal and lingual 
aerosols and sublingual tablets have the most rapid onset 
of action and the shortest duration of action; oral sus- 
tained release and transdermal formulations have the 
slowest onset of action and the longest duration of action. 

Nitroglycerin is extensively taken up and metabolized 
by the blood vessels themselves.7! After oral administra- 
tion, there is extensive first-pass metabolism in the liver. 
Nitroglycerin is also metabolized in circulating red blood 
cells. 

Isosorbide dinitrate is less efficiently absorbed after 
sublingual, oral or topical administration compared with 
nitroglycerin and isosorbide mononitrate. The isosorbide 
compounds are less readily metabolized in the liver than 
is nitroglycerin. The more polar isosorbide mononitrate is 
not subject at all to hepatic first-pass metabolism.*! Iso- 
sorbide mono- and dinitrate have fairly rapid onset of 
action and prolonged durations of action. The pharmaco- 
kinetics of isosorbide dinitrate are made more complicat- 
ed by virtue of its partial metabolism to the active mono- 
nitrate. Finally, organic nitrate pharmacokinetics and 
pharmacodynamics are altered during sustained therapy, 
thereby further complicating these agents’ pharmacolog- 
ic actions. For example, isosorbide dinitrate blood levels 
are actually higher after several weeks of oral administra- 
tion than after acute dosing. This observation suggests 
that isosorbide dinitrate clearance is reduced during 
chronic administration.?? Nitrate metabolism and drug 
effect are not altered by food, smoking, renal or hepatic 
disease.2> Most patients with congestive heart failure also 
respond to nitrate therapy. | 

Nitrate tolerance has been extensively examined and 
discussed elsewhere.?!:?324 It is now widely accepted that 
at least partial vascular tolerance with attenuation of 
nitrate effect develops in many patients chronically treat- 
ed with any nitrate compound. The mechanism of nitrate 


tolerance is poorly understood, but may relate to a defi- 
ciency of reduced sulfhydryl groups thereby leading to 
decreased production of nitrosothiols and cGMP.!°.??,74 
The administration of N-acetylcysteine, a sulfhydryl 
group donor, decreases vascular tolerance to nitrates.2+*> 
Longer intervals between nitrate doses, e.g., 8 to 10 hours 
can also decrease the development of tolerance.**° 


NITRATE THERAPY IN THE ELDERLY 

As already discussed, elderly subjects often have a 
number of characteristics that make them prone to drug- 
induced untoward reactions (Tables I and II). A tenden- 
cy to develop orthostatic hypotension and reduced baro- 
receptor function in the elderly can result in marked 
drug-related adverse reactions when vasodilators are 
used. Most clinicians are aware of this potential problem 
in elderly subjects and vasodilators such as organic ni- 
trates are administered judiciously in order to prevent 
syncope or near-syncope. 

There is a relative paucity of information concerning 
the pharmacokinetics and pharmacodynamics of nitrates 
in elderly subjects. In this regard, 2 experimental studies 
are of interest. Ioannides et al*’ examined volumes of 
distribution and elimination rates for nitroglycerin in a 
number of species. They sought species, gender and age 
differences in these variables. The plasma half-life of 
nitroglycerin was longer and the volume of distribution 
was larger in older animals. The larger volume of distri- 
bution led to lower plasma levels in older animals.” 
Clearance rates for nitroglycerin were not significantly 
altered by age. These investigators suggest that their ob- 
servations are the result of declining hepatic microsomal 
enzyme levels in older animals leading to decreased me- 
tabolism of nitroglycerin in the liver. Moreover, older 
animals (and humans) have higher body fat contents. 
Nitroglycerin is highly lipophilic and this may also ac- 
count, at least in part, for the observed prolongation of 
plasma half-life.” 

Fleisch and Hooker?’ examined nitroglycerin-induced 
relaxation of vascular smooth muscle in rabbits and rats. 
Vascular smooth muscle relaxation after exposure to ni- 
troglycerin was unaffected by age. Their observation that 
isoproterenol-induced smooth muscle relaxation declined 
with increasing age was of particular interest.” Because 
isoproterenol-induced smooth muscle relaxation is medi- 
ated via -receptor stimulation, it is likely that this re- 
duced responsiveness to isoproterenol is the result of de- 
clining receptor number or sensitivity with age. Since 
nitroglycerin-mediated smooth muscle relaxation is inde- 
pendent of -adrenergic receptor function, it is not sur- 
prising that responses to nitroglycerin’s actions are pre- 
served in older animals. 

Marchionni et al? examined the acute hemodynamic 
effects of intravenous nitroglycerin in 24 patients with 
acute myocardial infarction and left ventricular failure. 
They compared the responses in 2 groups of patients: 
persons aged >75 and those aged <65 years. They sought 
to reduce systemic arterial pressure by 5 to 10% during 
nitroglycerin infusion. This end point was achieved with 
significantly lower doses of nitroglycerin in the elderly 
patients. Moreover, the older patients had significantly 
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greater reductions in pulmonary arterial and pulmonary 
capillary wedge pressures compared with younger per- 
sons during nitroglycerin infusion.” The decline in sys- 
temic vascular resistance in response to nitroglycerin was 
similar in both groups of patients. The investigators con- 
cluded that elderly patients remain sensitive to the vascu- 
lar smooth muscle actions of nitroglycerin. Since aging 
does not change the sensitivity of aortic smooth muscle to 
the actions of nitroglycerin,” it is likely that reduced 
metabolism of nitroglycerin in the liver?’ accounts for the 
lower effective dose in the elderly patient group. In addi- 
tion, nitroglycerin reduced right atrial and pulmonary 
arterial pressures more in the elderly than in the young 
patients.*? This difference in systemic venous response to 
nitroglycerin was believed by the investigators to be the 
result of either an age-dependent increased sensitivity of 
venous vascular smooth muscle or decreased circulating 
blood volume (Table I). Diminished blood volume has 
been previously cited as a reason for the hypotensive 
reactions that often occur in elderly subjects treated with 
vasodilating agents.°° 

Flaherty et al?! administered intravenous nitroglycer- 
in to 12 patients with acute myocardial infarction. Five of 
these patients were aged >65 years (mean 73.8), 5 other 
patients were aged <57 years (mean 50.8). A repeat 
analysis of their published data?! demonstrates that the 
older patients had a mean decrease in left ventricular 
filling pressure of 11.0 mm Hg compared with 7.2 mm 
Hg in the younger subjects. Mean arterial blood pressure 
declined 6.4 mm Hg in the older subjects and 8.4 mm Hg 
in the younger patients. Mean cardiac index increased by 
0.12 liters/min/m? in the younger patients and declined 
by 0.24 liters/min/m? in the older persons.*! Taylor et 
al?? studied 10 patients with chronic congestive heart 
failure (9 patients with ischemic heart disease and 1 pa- 
tient with congestive cardiomyopathy) before and during 
the application of nitroglycerin ointment. Six of their 
patients were aged 265 years (mean 70.3), whereas 4 
patients were aged <59 years (mean 55.8). A repeat 
analysis of their published data? also revealed that older 
subjects demonstrated a greater decrease in mean left 
ventricular filling pressures than did younger persons 
(10.2 vs 8.0 mm Hg). Decreases in mean arterial blood 
pressure and increases in mean cardiac index were virtu- 
ally identical in both patient groups (blood pressure de- 
creases in older vs younger persons, 5.5 vs 5.3 mm Hg; 
cardiac index increases in older vs younger persons, 0.41 
vs 0.43 liters/min/m?). 

Taken together, these latter 2 studies*!? support the 
observations of Marchionni et al.? Elderly subjects re- 
main sensitive to the vascular smooth muscle actions of 
organic nitrates. It appears that the venous smooth mus- 
cle action of nitroglycerin is increased in older patients, 
probably as a result of decreased nitrate metabolism. 

Elderly patients are often mouth breathers; they may 
manifest decreased saliva production. Taken together, 
these 2 factors may delay the dissolution of sublingually 
administered nitrate formulations. Reisen et al’? demon- 
strated that isosorbide dinitrate spray relieved exercise- 
induced angina pectoris more rapidly than sublingual 
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tablets in 9 elderly patients (mean age 67 years) with 
coronary artery disease. This investigation underscores 
the fact that subtle differences in bioavailability of nitrate 
formulations may exist between younger and older pa- 
tients. 

There are no studies that specifically compare nitrate 
pharmacokinetics and pharmacodynamics in younger 
compared with older persons. However, Armstrong et 
alt reported nitroglycerin clearance rates in 16 patients 
with congestive heart failure given varying doses of intra- 
venous nitroglycerin. Within these reported data were 4 
patients >65 years (mean age 66.5) and 6 patients <55 
years (mean 47.8). A repeat analysis of their published 
data** revealed no difference in nitroglycerin clearance 
rates between older and younger patients (mean total 
body clearance in older vs younger patients, 10.7 vs 10.5 
liters/min). Despite this lack of difference in nitroglycer- 
in clearance rates between older and younger subjects, 
Come and Pitt*> noted that nitroglycerin-induced severe 
hypotension and bradycardia were more common in el- 
derly patients with myocardial infarction than in younger 
persons. Three of their 5 reported cases were patients 
aged >65 years (67, 77 and 78 years). Thus, the limited 
hemodynamic and pharmacokinetic data available all 
point in the same direction as the clinical observations. 
Elderly subjects apparently demonstrate increased vascu- 
lar (especially venous) smooth muscle action from organ- 
ic nitrates. Accordingly, clinicians should use smaller ini- 
tial doses of organic nitrates in elderly subjects. Nitrate 
dosage can be progressively increased once the sensitivity 
of the individual patient to nitrates has been observed. 

In conclusion, it is apparent that elderly patients can 
benefit from organic nitrate therapy. However, it is im- 
portant for the clinician to remember the changes that 
occur in the cardiovascular system with aging. These 
alterations sensitize the elderly subject to the vascular 
smooth muscle actions of nitrates. Initial dosages of ni- 
trates should be less than in younger patients. 

Recently, Marchionni et al°° demonstrated that the 
increased sensitivity of elderly patients to nitroglycerin is 
the result of pharmacodynamic changes in these patients, 
i.e., dampened baroreceptor responsivity to nitroglycerin- 
induced hypotension. 
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The hemodynamic profile of tolerance to intrave- 


nous nitroglycerin was studied in 9 patients with 
New York Heart Association Class Ill to IV conges- 
tive heart failure. After rapid dosage build-up to 
the maximal tolerated dose (decrease in pulmonary 
wedge pressure to 10 mm Hg or systolic blood 
pressure to 90 mm Hg), nitroglycerin (525 + 548 
ug/min) was administered at a constant continuous 
intravenous infusion for a total of 24 hours. The 
extent of nitrate tolerance at 24 hours was calcu- 
lated as the percentage loss of the benefit achieved 
at time of peak effect of nitroglycerin. Tolerance 
had a different time course and magnitude in the 
venous, arterial and pulmonary circulations. At 24 
hours, right atrial pressure and pulmonary vascular 
resistance returned to control values in most pa- 
tients, while 40 to 50% of the effect on systemic 
vascular resistance, cardiac index and pulmonary 
wedge pressure was maintained. These findings 
emphasize the importance of precise definitions in 
studies relating to nitrate tolerance. 

(Am J Cardiol 1990;65:28J-—31)J) 
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the beneficial effect of nitrate therapy in the man- 

agement of patients with congestive heart fail- 
ure.'-’ At constant doses of nitrates,’ ventricular filling 
pressures and cardiac output return toward baseline val- 
ues in many patients within 24 to 48 hours. Development 
of nitrate tolerance is not always predictable® from base- 
line parameters. 

Published reports on the definition and prevalence of 
nitrate tolerance is somewhat unclear; there is no consen- 
sus regarding its manifestations in different parts of the 
circulation.”!° The present study was undertaken to char- 
acterize in more detail the magnitude, hemodynamic 
spectrum and temporal course of tolerance developing 
during intravenous nitroglycerin therapy. The extent of 
tolerance was quantitated separately for the systemic, 
pulmonary and venous circulations, an approach that 
may provide a framework for further studies of tolerance 
and its mechanisms. 


Ts development of nitrate tolerance may negate 


METHODS 

Patients: The study consisted of 9 patients (8 men and 
1 woman, aged 38 to 78 years) with severe (New York 
Heart Association class III to IV) heart failure with sinus 
rhythm, who required hemodynamic monitoring as part 
of their clinical management. The cause of heart failure 
in all patients was advanced coronary artery disease with 
extensive fixed regional and global left ventricular dys- 
function. Long-acting nitrate therapy was discontinued 
at least 48 hours before the study, as was all other vasodi- 
lator therapy. Baseline drug therapy with digoxin (4 pa- 
tients) and furosemide (8 patients; dose 40 to 80 mg/day) 
was continued at a constant dosage schedule throughout 
the study period. Diuretic drugs, when administered, 
were given at the same time each day, 6 hours after 
commencement and stabilization of the nitrate dosage. 

Data acquisition: A flow-directed catheter was posi- 
tioned in the pulmonary artery and an arterial line in the 
radial artery 12 to 18 hours before measurements were 
obtained. 

Pressures were measured in the right atrium, pulmo- 
nary artery and pulmonary capillary wedge position, as 
well as from the radical arterial line. In the absence of 
mitral stenosis, the pulmonary capillary wedge pressure 
(PCWP) represents left ventricular end-diastolic pres- 
sure. Patients included in the study had a wedge pressure 
of >16 mm Hg and systolic blood pressure >90 mm Hg. 

Cardiac output and stroke volume were measured by 
thermodilution in triplicate at each stage of the study 
protocol. When a measurement deviated by more than 





TABLE I Effect of Intravenous Nitroglycerin (NTG) on 
Hemodynamic Measurements 


Effect of NTG (% Change at Peak Effect) 


PVR PCW SVR 
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-71 —53 —47 
—] —62 —52 
Mean + SD —-49421 -54415 34425 -30411 
Cl = cardiac index; PCW = pulmonary capillary wedge pressure; PVR = pulmonary 


vascular resistance; RAP = right atrial pressure; SD = standard deviation; SVR = 
systemic vascular resistance. 
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10% from the other 2 values, this value was discarded and 
an additional determination made. Cardiac index was the 
cardiac output normalized for body surface area. 
Administration of nitroglycerin: After hemodynamic 
measurements were obtained in the control state, nitro- 
glycerin was administered by continuous intravenous in- 
fusion, increasing the dose rapidly over a period of 60 to 
90 minutes until (1) the PCWP decreased to <10 mm 
Hg, or (2) systolic blood pressure decreased to <90 mm 
Hg. This dose (60 to 1,600 wg/min, mean 525 + 548) was 


Pressure (mmHg) 


Tol-59% 
* 


Tol-125% 


Control 6 
Time (hr) 


FIGURE 1. Right atrial (RA) and pulmonary capillary wedge 
(PCW) pressures (mean + standard deviation) in the control 
state and during intravenous infusion of nitroglycerin. The 
maximal (peak) effect and the time of its occurrence is shown. 
Nitroglycerin reduced both RA and PCW pressure (p values 
compare each curve with the respective control value). At 24 
hours 125% of the effect of nitroglycerin on RA, but only 
59% of the effect on PCW, was lost. Tol = tolerance. 


TABLE Il Tolerance to Continuous Intravenous Nitroglycerin 
(NTG) at 24 hours 


Loss of Effect of NTG (% Tolerance) 


80 

97 — 
113 54 
13 45 
80 40 


125+78 88476 59431 472424 


OON A Oh UMNE 


55 + 38 


Abbreviations as in Table I. 


then continued unchanged throughout the study period. 
Hemodynamic measurements were repeated 3, 6, 12 and 
24 hours after the onset of infusion of nitroglycerin. 

Quantitation of nitrate tolerance: The extent of ni- 
trate tolerance was calculated separately for each hemo- 
dynamic parameter, as the percentage loss of the maxi- 
mal effect achieved by nitroglycerin, e.g., for the extent of 
tolerance with regard to right atrial (RA) pressure, toler- 
ance (%) = (measured RA pressure — minimal RA pres- 
sure) X 100/(control RA pressure — minimal RA pres- 
sure). For each hemodynamic parameter, the time at 
which the maximal change occurred after the onset of 
nitroglycerin infusion was noted. 

Statistical analysis: The effect of nitroglycerin at the 
time of each measurement was assessed by comparison 
with the data before administration of nitroglycerin using 


PVR (dyne*sec/cm’‘5) 


Tol-55% 


Tol-88% 


0 
Control 


FIGURE 2. Systemic (SVR) and pulmonary (PVR) vascular re- 
sistance during nitroglycerin infusion. The maximal (peak) ef- 
fect occurred later for SVR and tolerance (Tol) was less 
marked. 
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Cardiac Index (i/min/m*2) 


1.6 
Control 6 


Time (hr) 


FIGURE 3. Cardiac index before and during nitroglycerin infu- 
sion. The peak effect occurred at 6 hours. Half the effect was 
lost at 24 hours. Tol = tolerance. 


Student ¢ test for paired data, with correction for multiple 
comparisons. 


RESULTS 

Effect of intravenous nitroglycerin: Nitroglycerin re- 
duced RA pressure from 9 + 7 toa nadir of 2 + 2 mm Hg 
(p <0.05), PCWP from 28 + 4 to 13 + 4 mm Hg (p 
<0.001), pulmonary vascular resistance from 355 + 217 
to 177 + 124 dynes-sscm~> (p <0.02) and systemic 
vascular resistance from 1,774 + 417 to 1,235 + 348 
dynes-secm™° (p <0.001). Cardiac index increased from 
2.2 + 0.5 to 2.9 + 0.5 liters/min/m? (p <0.01). Heart 
rate was unchanged (82 + 18 vs 84 + 19 beats/min, 
difference not significant [NS]). 

The percentage change was greater for the right-sided 
measurements (RA vs PCWP, p = 0.02; pulmonary vs 
systemic vascular resistance, p = 0.04) (Table I). There 
was no relation between the percentage change in pulmo- 
nary vascular resistance and the change in RA pressure, 
nor was there a significant relation between the change in 
systemic vascular resistance and the change in PCWP. 

Time course of effect of nitroglycerin on hemody- 
namic measurements: The peak effect of nitroglycerin 
on RA pressure was observed after 2.5 + 3.9 hours, 
depending essentially on the rate of increase of nitroglyc- 
erin dosage. The peak effect on PCWP was reached after 
4.8 + 3.5 hours, on cardiac index after 6.0 + 7.7 hours, on 
pulmonary vascular resistance after 6.7 + 8.0 hours and 
on systemic vascular resistance after 8.3 + 7.6 hours 
(p = 0.07 compared with time to peak effect for RA 
pressure). 

Nitrate tolerance: Attenuation of the effect of nitro- 
glycerin occurred between 12 and 24 hours after the 
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RELATION BETWEEN PVR AND RAP TOLERANCE 


TOL RAP (%) 


100 
TOL PVR (%) 


FIGURE 4. Linear relation between percentage tolerance 
(TOL) developing for pulmonary vascular resistant (PVR) and 
that for right atrial pressure (RAP). 


commencement of the nitroglycerin infusion. There was 
marked individual variability in the extent of attenuation 
at 24 hours (Table II), and also in the degree of attenua- 
tion for different hemodynamic measurements, particu- 
larly with a greater degree of tolerance for right-sided 
measurements. At 24 hours, RA pressure returned to 
baseline (125 + 78% tolerance), whereas for PCWP only 
59 + 31% of the effect was lost (RA vs wedge tolerance, 
p = 0.05) (Fig. 1). Similarly, 88 + 76% of the effect on 
pulmonary vascular resistance was lost at 24 hours, 
whereas tolerance for systemic resistance was less (55 + 
38%) (pulmonary vs systemic tolerance, p = NS) (Fig. 
2). A moderate degree of tolerance (47 + 24%) was 
observed for cardiac index (Fig. 3), similar to that for 
other left-sided measurements. 

RA tolerance was directly related to the degree of 
tolerance for pulmonary vascular resistance (r = 0.78, p 
<0.05) (Fig. 4). The degree of tolerance for the effect of 
nitrates on PCWP was related to the percentage toler- 
ance observed with regard to systemic vascular resistance 
(r = 0.51, NS) (Fig. 5). 


RELATION BETWEEN SVR AND PCW TOLERANCE 
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FIGURE 5. Relation between percentage tolerance (TOL) for 
pulmonary capillary wedge (PCW) pressure and that for sys- 
temic vascular resistance (SVR). 





DISCUSSION 

Hemodynamic effects of nitroglycerin: The hemody- 
namic effects of nitroglycerin differed markedly in differ- 
ent parts of the circulation. Both RA pressure and pulmo- 
nary vascular resistance decreased rapidly. However, 
there was a considerably greater and more rapid effect of 
nitrates on RA pressure, probably reflecting a greater 
affinity or effect of the drug on the systemic venous sys- 
tem rather than the pulmonary arterial circulation.'!~!° 
Because nitrates were administered by intravenous infu- 
sion, the concentration and effect of nitrates would be 
expected to be greatest in the pulmonary arterial circula- 
tion and lowest in the systemic venous system. Cossum et 
al!4 showed that nitrate infusion into the right femoral 
vein in sheep produced the highest concentration of ni- 
trates in the pulmonary arterial system, the next highest 
concentration in the left ventricle and systemic arterial 
circulation, followed by lower levels of nitrates in the 
systemic veins. Differential blood levels, related to the site 
of infusion of nitroglycerin, may also explain the less 
prominent and much later effect of nitrates on the sys- 
temic vascular resistance and on left ventricular filling 
pressure (PCWP) in this and most published studies. 

Nitrate tolerance and its mechanisms: Tolerance to 
nitroglycerin occurred in most patients in the study. The 
extent of tolerance and its manifestations showed consid- 
erable individual variability. The greatest degree of toler- 
ance was observed for RA pressure, with a loss of most or 
all efficacy of the drug at 24 hours in 6 of 8 patients. In 
contrast, at the same point in time, approximately half 
the benefit gained by nitrates was still present with re- 
spect to left heart hemodynamics and cardiac index. For 
both right- and left-sided cardiac filling pressures, the 
degree of tolerance was directly related to the loss of 
effect of nitrates on the corresponding vascular resis- 
tance, probably reflecting a secondary increase in the 
impedance to cardiac emptying. Individual differences in 
the extent of nitrate tolerance may be related to the 
severity of heart failure, degree of edema!>'® or initial 
systemic vascular resistance." 

The precise mechanisms underlying the development 
of nitrate tolerance are related to (1) a cellular mecha- 
nism, in which high concentrations of nitrates exhaust the 
cellular content of sulfhydryl groups and result in the 
capability of the cell to convert nitrates to S-nitroso- 
thiols,!7-2° and (2) a systemic mechanism, in which rapid 
and marked decreases in intravascular pressures may 
trigger an enhanced neurohumoral response, increased 
secretion of renin and aldosterone, with secondary fluid 
retention as the cause of the return of left- and right-sided 
cardiac filling pressures toward baseline or higher val- 
ues.>7!,22 This study is in keeping with the biochemical 
concept relating to the development of tolerance. A high 
concentration and affinity of nitrates for the systemic 
venous and pulmonary arterial circulations would more 
rapidly exhaust the nitrate biochemical pathway in these 
vascular beds, and explain the greater degree of nitrate 
tolerance in these parts of the circulation. 

Moreover, because right heart chambers adapt more 
easily to volume load, fluid retention as the mechanism of 


tolerance would be expected to produce a lesser effect on 
RA than on PCWP. 

implications: The individual variation in the magni- 
tude and time course of nitrate tolerance and its variabili- 
ty in different parts of the circulation emphasize the fact 
that studies relating to nitrate tolerance should be evalu- 
ated in terms of the precise definition of tolerance used by 
the investigators. In clinical patient management, the 
dose and route of nitrate administration should be tai- 
lored according to the individual response of the patient. 
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Efficacy of lsosorbide-5-Mononitrate on 
Painful and Silent Myocardial Ischemia 
After Myocardial Infarction 


Jianzhang Feng, MD, Xiu-Hua Feng, MD, and Adam Schneeweiss, MD 


The anti-ischemic efficacy of isosorbide-5-mononi- 


trate, 20 mg 3 times daily, on silent myocardial 
ischemia after myocardial infarction was studied in 
28 Chinese patients with use of 48 hours of ambu- 
latory electrocardiographic monitoring in a ran- 
domized, crossover, single-blind, placebo-controlled 
study. Isosorbide mononitrate reduced both painful 
and painless episodes of ischemia compared with 
placebo. The number of total ischemic episodes 
was reduced 88%, duration of ischemia 94%, time- 
ischemia integral 95%, and total maximal ST-seg- 
ment depression 86% (p <0.01). The drug did not 
alter the heart rate and blood pressure, and had no 
evident adverse effect. Thus, isosorbide mononi- 
trate is effective and well tolerated in postinfarction 
patients with silent ischemia. 

(Am J Cardiol 1990;65:32J-—35)J) 
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be related to myocardial infarction, reinfarction, se- 

vere arrhythmia or cardiomyopathy.! Its prognostic 
and therapeutic significance in coronary artery disease 
has not been clearly established, although it has been 
shown that silent ischemia is an independent predictor of 
poor prognosis.* The need for and type of treatment of 
silent ischemia are still controversial.? However, if the 
silent ST-segment depression is accepted as ischemia, it is 
logical to treat it. Almost all therapeutic research until 
now has been concentrated on Caucasian patients. Since 
1987, we used isosorbide-5-mononitrate (IS-5-MN) 
(Elantan®) to treat silent myocardial ischemia in Chinese 
patients with coronary artery disease. This study reports 
on the effect of IS-5-MN on silent myocardial ischemia 
in patients with coronary artery disease evaluated by 48- 
hour ambulatory electrocardiographic monitoring in a 
randomized, crossover, single-blind, placebo-controlled 
study. 


E was shown that silent myocardial ischemia may 


METHODS 

Patients: Twenty-eight patients were enrolled in the 
study (26 men and 2 women, aged 42 to 78 years [mean 
60]). All patients had a definitive history of acute myo- 
cardial infarction. Among them, 12 patients had anterior 
wall infarction, 9 patients inferior wall infarction, 2 pa- 
tients subendocardial infarction and 5 patients had ante- 
rior and inferior infarction. Of these, 8 patients had no 
angina pectoris after the infarction, 18 patients had mild 
angina and 2 patients had moderate angina. No patient 
had bundle branch block or another organic heart dis- 
ease. 

Medication: The medications included isosorbide-5- 
mononitrate, 20-mg tablets, and matching placebo. The 
dosage was 20 mg 3 times daily. The medications were 
given in a double-blind design. 

Protocol: All patients stopped taking any antianginal 
drugs 3 days before entering the study. On the fourth day, 
the patients underwent physical examination and 48 
hours of ambulatory electrocardiographic monitoring as 
the baseline control. Then they were randomized into 2 
groups: group A patients received placebo for 2 weeks 
and group B patients received IS-5-MN for 4 weeks. 
Thereafter the treatment groups were crossed over. At 
the end of each phase, ambulatory electrocardiographic 
monitoring was performed for 48 hours. During the entire 
study period, heart rate and blood pressure were mea- 
sured each week, the number of anginal attacks and the 





TABLE | Change in Total Myocardial Ischemia (Painful + Painless) After Medication in 28 Patients per Week 


Baseline 
Phase (1) 


No. of ischemic episodes 
Duration of ischemia (min) 
Integration (mm/min) 

Total maximal ST segment (min) 


Placebo 
Phase (2) 


Elantan Decreased 
Phase (3) (%) 


88 
94 
95 
86 


TABLE lI Change in Silent Myocardial Ischemia After Medication in 28 Patients per Week 


Baseline 
Phase (1) 


No. of ischemic episodes 
Duration of ischemia (min) 
Integration (mm/min) 

Total maximal ST segment (min) 


Placebo 
Phase (2) 


Elantan Decreased 
Phase (3) (%) 


88 
94 
96 
86 


* p value: phase 1 and 2: >0.05; phase 1 and 3 and 2 and 3: <0.01. 


adverse effects were recorded. Sublingual nitroglycerin 
tablets were allowed for treatment of episodes of angina 
pectoris. 

Ambulatory electrocardiographic monitoring: Am- 
bulatory electrocardiographic monitoring for 48 hours 
was performed. Holter equipment manufactured by 
Marquette Electronics Company was used. The frequen- 
cy response of the recorder was 0.05 to 100 Hz. All the 
tapes of record were analyzed by a Marquette 8000 laser 
Holter analysis system which can automatically analyze 
the number of ischemic episodes, duration of ischemia, 
integration and total maximal ST-segment of ischemia. 

The criteria of myocardial ischemia were horizontal 
or downsloping ST-segment depression 20.1 mV persist- 
ing for =1 minute. The interval required to differentiate 
between 2 episodes was 21 minute. If the ischemia was 
not accompanied by symptoms, it was defined as silent 
myocardial ischemia.* 

Data analysis: To evaluate the effect of medications 
on ischemia the following parameters were measured: (1) 


Number of 
ischemic episodes 


B = Baseline 
P =Placebo 


E =Elantan 


[]=Total ischemia 


B=SMI 


FIGURE 1. Number of ischemic episodes before and after 
treatment. NS = not significant. 


number of ischemic episodes, (2) duration of ischemia in 
minutes (the sum of durations of each myocardial isch- 
emic episode), (3) integration of ST deviation time (ST- 
segment depression multipled by its duration in minutes 
[mm/min]), and (4) total maximal ST depression (the 
sum of severity of each episode of myocardial ischemia). 

The observation period was divided into 3 phases: (1) 
baseline phase—patients did not receive anti-ischemic 
drugs for 3 days; (2) placebo period—patients took place- 
bo for 2 weeks; and (3) IS-5-MN period—patients took 
IS-5-MN for 4 weeks. 


RESULTS 

Effect on myocardial ischemia: The change of total 
ischemia (painful/painless) in number, duration, integra- 
tion and total maximal ST depression of ischemia in the 
3-phase stage is summarized in Table I. 

When the placebo phase was compared with the IS-5- 
MN phase, the total ischemia (painful + painless) in 


Duration of ischemia 


B = Baseline 
P =Placebo 


E =Elantan 


1)=Total ischemia 


P<0.01 B=SMI 


FIGURE 2. Duration of ischemia before and after treatment. 
NS = not significant. 
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Integration 
(mm-min) 


20000 


B = Baseline 
P =Placebo 


E =Elantan 


O=Total ischemia 
P < 0.01 W=SMI 


pts 2 288 rd 
E 


FIGURE 3. Integral of ischemia—duration before and after 
treatment. NS = not significant. 


number, duration, integration and total maximal ST de- 
pression was decreased 88, 94, 95 and 86%, respectively. 
The number, duration, integration and total maximal ST 
depression of silent myocardial ischemia were decreased 
by 88, 94, 96 and 86%, respectively (Table II) (Fig. 1 to 
4). 

Comparison between the daily spontaneous variabil- 
ity of ischemia and the effect of isosorbide-5-mononi- 
trate on ischemia: To differentiate the effect of daily 
spontaneous variability from that of medication, we com- 
pared the change of silent myocardial ischemia in num- 
ber, duration, integration and total maximal ST depres- 
sion between the daily spontaneous variability found in a 
previous control group studied by us. The effect of IS-5- 
MN was significantly different (p <0.01) from that 
found for spontaneous variability (Table III). 

The effect of IS-5-MN on individual patients: In 21 
patients, all the episodes of ischemia were eliminated, 
resulting in a curative rate of 75%. In 7 patients, the anti- 
ischemic effect was not satisfactory but there was a trend 
toward reduction in number and duration of ischemic 
episodes. 

Angina pectoris: A comparison of anginal frequency 
between baseline phase (61 episodes week) and placebo 
phase (50 episodes week) showed no significant change (p 
>0.05). Comparison between any of these 2 phases and 
IS-5-MN phase (8 episodes week) showed significant 
reduction (p <0.01) in the active treatment (Fig. 5). 


TABLE Ill Comparison of Effective Rate of IS-5-MN on 
Myocardial Ischemic Episodes with Spontaneous Variability 
Rate of Myocardial Ischemia 


Effective 
Rate of 
Elantan 
(%) 


Spontaneous 
Variability 
Rate 


No. of ischemic episodes 

Duration of ischemia (min) 
Integration (mm/min) 

Total maximal ST segment (min) 37 


IS-5-MN = isosorbide mononitrate. 
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B = Baseline 
P =Placebo 


E =Elantan 


[jJ=Total ischemia 


@=SMI! 


FIGURE 4. Integral of total maximal ST depression (> ST 
max) before and after treatment. NS = not significant. 


Change in heart rate and blood pressure: In the base- 
line phase the average heart rate was 80 beats/min, and 
systolic blood pressure was 120 mm Hg. In the placebo 
phase heart rate was 75 beats/min, and systolic blood 
pressure was 118 mm Hg. In the IS-5-MN phase, heart 
rate was 78 beats/min, and systolic blood pressure 116 
mm Hg. Comparison between these 3 phases revealed no 
significant changes. 

Adverse effects and tolerability: In the beginning of 
the IS-5-MN phase, 2 patients complained of thirst and 1 
patient complained of vivid dreams. Headache was ob- 
served in 3 patients. These adverse effects were slowly 
decreased and well tolerated by the patients. 


DISCUSSION 

IS-5-MN is an active metabolite of the antianginal 
drug isosorbide dinitrate. It may be used as an indepen- 
dent drug and it has pharmacokinetic advantages over the 
parent molecule.>-° Previous studies have showed that IS- 
5-MN can effectively increase the work capacity in pa- 
tients with angina pectoris.’-* In our study, IS-5-MN not 
only reduced the frequency of angina, but also effectively 
eliminated the episodes of any ischemia. After the IS-5- 


Number of 
anginal episodes 


B = Baseline 
P =Placebo 


E=Elantan 


FIGURE 5. Number of anginal episodes before and after treat- 
ment. NS = not significant. 





MN phase, in comparison with placebo phase, the total 
ischemia (painful + painless) in number, duration, inte- 
gration and total maximal ST depression significantly 
decreased by 88, 94, 95 and 87%, respectively (p <0.01). 
Furthermore, compared with placebo phase, the number, 
duration, integration and total maximal ST depression of 
silent myocardial ischemia also decreased by 88, 94, 96 
and 87%, respectively (p <0.01), thus demonstrating that 
IS-5-MN is an effective drug in the treatment of silent 
myocardial ischemia. 

We found that in some patients, the number of isch- 
emic episodes did not change greatly before and after 
medication, but duration of ischemia and integration of 
ST-segment deviation over time improved. Obviously, 
this demonstrates that the observation index for the cura- 
tive rate using only the number of ischemic episodes is not 
sufficient. A more precise index is required. This report 
emphasized the need to apply the result of ST-segment 
depression multipled by duration (i.e., integration) as an 
observation index for curative effect in silent myocardial 
ischemia. 


Our findings confirm the anti-ischemic efficacy of IS- 
5-MN in Chinese patients with silent myocardial isch- 
emia. 
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Prevention of Creatine Kinase-MB Release in 
Coronary Artery Disease and Pacing- 
Induced Myocardial Ischemia by 
Isosorbide Dinitrate Spray 


Alon Marmor, MD, and Robert Klein, MD 


The effect of isosorbide dinitrate (ISDN) spray on 
release of the isoenzyme creatine kinase-MB (CK- 
MB) after myocardial ischemia induced by atrial 
pacing was evaluated in 8 patients with coronary 
artery disease. Atrial pacing to ischemia (ST-seg- 
ment depression of 21.5 mm for 280 ms) resulted 
in elevation of CK-MB levels in plasma drawn from 
the coronary sinus, from 1.8 + 1.5 to 6.8 + 7.0 ng/ 
ml (p <0.001) at 30 minutes after onset of isch- 
emia. When atrial pacing was repeated at the same 
rate after 1 squirt of ISDN spray, 1.25 mg, the CK- 
MB levels were not altered despite significant isch- 
emic ST-segment depression. It is concluded that 
ISDN prevents the process responsible for myocar- 
dial release of CK-MB, being either micronecroses 
or a reversible consequence of ischemia. 

(Am J Cardiol 1990;65:36)J-—38)) 
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enzyme in the plasma of patients with ischemic 
eart disease has been established as a very sensitive 
and specific indicator of acute myocardial infarction. !? 
However, in recent years evidence accumulated that ele- 
vated CK-MB with slightly elevated or normal total CK 
phosphokinase (CPK) is encountered in the context of 
angina pectoris (AP).>4 Our report in 1978,5 as well as 
the recent report of White et al,* clearly points out that a 
subset of patients with unstable AP may have elevated 
CK-MB, when sequential enzymatic surveillance is con- 
ducted, regardless of the normal total CPK. Several other 
investigators®-* independently confirmed this observaton. 
The fact of elevated CK-MB in AP associated with nor- 
mal or slightly elevated CPK, although accepted, is dif- 
ferently interpreted by different workers. Thus, Roberts 
et al? firmly believe that the presence of elevated CK-MB 
always indicted myocardial necrosis (subendocardial 
myocardial infarction), and silent myocardial ischemia, 
whereas other workers would include this entity in the 
realm of ischemia.>:?~!2 

Besides the theoretical aspects of scientific accuracy, 
this apparently semantic dilemma has obvious, important 
clinical implications. If elevated CK-MB represents ne- 
crosis, its prevention should be a therapeutic goal of every 
anti-ischemic therapy. If it represents reversible ischemia 
it might be an excellent indication as to the efficacy of 
anti-ischemic therapy. In a recent study we were able to 
demonstrate that plasma levels of CK-MB are elevated 
after pacing-induced ischemia in patients with coronary 
artery disease but not in human subjects with normal 
coronary arteries.!? 

This report presents our experience in preventing the 
release of CK-MB with isosorbide dinitrate (ISDN) in 
patients with coronary artery disease and myocardial 
ischemia induced by atrial pacing. 


D of the creatine kinase-MB (CK-MB) iso- 


METHODS 

Patients: Eight men (aged 52 + 10 years [mean + 
standard deviation]) with coronary artery disease docu- 
mented by coronary angiography participated in the 
study. All had chronic stable exercise-induced angina 
pectoris. All signed an informed consent. Cardioactive 
drugs were discontinued in all patients 48 hours before 
the study. 

Procedure: Right-sided cardiac catheterization was 
performed using a Zucker 7Fr bipolar pacing catheter 





advanced from the internal jugular vein into the coronary 
sinus. The proximal electrode of the catheter was placed 
in the right atrium and its tip was placed, under fluoros- 
copy, in the coronary sinus. Continuous recording of in- 
tracardiac pressures and oxygen saturation during cathe- 
terization confirmed the positioning in the coronary sinus. 
The catheter allowed right atrial pacing and simulta- 
neous blood sampling from the coronary sinus. A stan- 
dard 12-lead electrocardiographic recording was ob- 
tained at rest and at each stage of atrial pacing. Pacing 
was terminated at 150 beats/min or at the development 
of horizontal or downsloping ST-segment depression of 
21.5 mm for 280 seconds. Blood samples were obtained 
from the coronary sinus before initiation of pacing and at 
10, 20 and 30 minutes after onset of the electrocardio- 
graphic ischemic changes. Blood samples were obtained 
simultaneously also from a peripheral vein. The proce- 
dure was repeated after =5 hours. At initiation of pacing, 
1 squirt of ISDN spray (1.25 mg) was given. The rate of 
pacing was increased up to the rate achieved in the previ- 
ous pacing period. 

Enzymatic measurements: The blood samples were 
immediately centrifugated and frozen at —20°C and 
evaluated within 3 days of their being obtained. All mea- 
surements were performed in duplicate by laboratory 
technicians unaware of the patients’ identity and diagno- 
sis. Total CK was determined by Enzyline CK-Nac, a 
kinetic determination of CK activity after activation by 
N-acetylcisteine and expressed as [U/liter of serum. The 
Tandem CK-MB kits (Hybritec Europe SA) were used 
for measurements of CK-MB isoenzyme. By this method 
serum containing CK-MB isoenzyme reacts with a plas- 
tic bed (solid phase) that is coated with a monoclonal 
antibody directed toward an antigenic site on the M sub- 
unit of the CK-MB molecule and a second monoclonal 
antibody oriented toward an antigenic site on the B sub- 
unit of the same isoenzyme molecule. After the formation 
of the solid phase, CK-MB is washed out to remove the 
bound labeled antibody and then is incubated with an 
enzyme substrate. The concentration of CK-MB is calcu- 
lated from the conventional spectrophotometric readings. 
The results are expressed in nanograms per milliliter. The 
issue of reproducibility of the elevation of enzyme levels 
in the coronary sinus after repeated cardiac pacing was 
addressed in a preliminary study.!> An interval of 3 hours 
was found sufficient for reproducibility of the results. In 
the present study we used an interval of 5 to 24 hours. 

Statistical analysis: Student paired ¢ test was used to 
compare the changes in the enzyme levels in the same 
patients. 


RESULTS 

In all patients atrial pacing before treatment resulted 
in chest pain associated with ST-segment depression of 
3.5 + 0.5 mm. CK-MB in plasma obtained from the 
coronary sinus increased in all patients (Table I). Mean 
level increased from 1.8 + 1.5 to 4.0 + 3.4 ng/ml at 10 
minutes after induction of ischemia, to 11.0 + 11.8 ng/ml 
at 20 minutes and to 6.8 + 6.9 ng/ml at 30 minutes (p 
<0.001 at 20 and 30 minutes). When the procedure was 


TABLE | CK-MB Levels in Coronary Sinus Before Pacing and 
at 10, 20 and 30 Minutes After Induction of Ischemia 


Minutes 
Before 


Case Pacing 


CK-MB Baseline (ng/ml) 


0.8 + 0.6 


repeated after ISDN spray the CK-MB levels in the 
coronary sinus were not significantly altered (Table I) 
despite the development of ST-segment depression (2.5 + 
0.4 mm) in all patients and chest pain in 4. 

The total CK levels in the coronary sinus increased 
slightly from 35.7 + 36.34 to 59.6 + 64.4 ng/ml after 
pretreatment atrial pacing, and from 29.0 30.9 to 41.1 
+ 42.7 ng/ml (p <0.01). The CK and CK-MB levels in 
peripheral blood were not significantly altered. No com- 
plications occurred during or after the study. No patient 
had clinical, electrocardiographic or enzymatic signs of 
acute myocardial infarction. 


DISCUSSION 

Our findings indicate that in patients with coronary 
artery disease ischemia induced by atrial pacing is associ- 
ated with release of CK-MB from the myocardium, in the 
presence of slight but insignificant elevation of total CK 
in the coronary sinus but not in peripheral blood. This 
release can be prevented by ISDN. 

Elevation of total CK after exercise was reported by 
numerous investigators. ”8!213 In most of these studies no 
elevation of CK-MB was observed in healthy subjects or 
in patients. However, there are some reports mentioning a 
slight elevation in total CK and CK-MB isoenzyme after 
strenuous physical exercise in marathon runners.!%!4 The 
consensus about this phenomenon seems to be that the 
elevated CK in blood after a certain degree of exercise 
represents enzyme leakage from the skeletal muscula- 
ture, which is paramount to the normal muscular activity 
and is proportional to the metabolic demands of the mus- 
cles, thus being a physiologic phenomenon. Few studies 
address the issue of the possibility of the release of total 
CK and CK-MB in exercise-induced ischemia. Klein et 
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al!5 found that no elevation in plasma CK-MB occurred 
in myocardial ischemia induced by treadmill exercise. 
Our previous studies*’? and the studies of Davis et al 
reported a small but significant elevation of total CK and 
CK-MB in acute ischemic episodes induced by exercise. 
One of the most important arguments against the possi- 
bility of elevated CK-MB with normal total CK in pe- 
ripheral blood was the fact that the release of small 
amounts of CK-MB from the heart may go undetected 
because of the dilution of this small amount of enzyme in 
the peripheral blood; the CK-MB elevations reported by 
us and others are probably artefacts. To clarify this topic, 
blood samples were obtained in this study simultaneously 
from the coronary sinus and peripheral veins. 

Chong et al!® reported in 1974 an elevation of total 
CK in coronary sinus after atrial pacing-induced myocar- 
dial ischemia. Similarly, Ninomiya et al!’ reported eleva- 
tion in CK-MB isoenzyme in coronary sinus after very 
short episodes of acute coronary insufficiency (experi- 
mentally induced). All these studies including the present 
one clearly point toward the conclusion that some amount 
of CK-MB isoenzyme is released during myocardial isch- 
emia into the coronary sinus, most of it being probably 
diluted in the peripheral blood. The general consensus in 
published reports is that elevation of CK-MB levels in 
blood above a certain percent of the total CK (usually 
4%) indicates myocardial necrosis, and establishes the 
clinical diagnosis of acute myocardial infarction. In re- 
cent years several investigators advocated that elevated 
CK-MB may be found in entities resembling acute myo- 
cardial ischemia with reversible ST depressions and nor- 
mal total CK, and some of them even suggested the 
possibility that irreversible cellular damage is not always 
necessary for the transmembranal passage of CK-MB 
into the blood. Although this is a view shared by a minori- 
ty of workers, it cannot be easily disregarded after thor- 
ough histologic examination of the transiently ischemic 
myocardium in baboons failed to show any evidence of 
necrosis in the presence of elevated CK-MB.!° 

Regardless of the exact entity represented by eleva- 
tion of levels of CK-MB in plasma from the coronary 
sinus, its prevention is definitely an essential goal of anti- 
ischemic therapy. If it represents myocardial necrosis, the 
accumulated damage should be prevented; if it results 
from reversible myocardial ischemia, it is an indicator of 
the consequences of the process. We have shown that 
ISDN spray can completely abolish the myocardial re- 
lease of CK-MB associated with ischemia. This might 
have resulted from some suppression of the ischemia it- 
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self, because our patients had less ST-segment depression 
after ISDN administration. However, ST-segment de- 
pression even after ISDN administration was highly in- 
dicative of ischemia (2.5 + 0.4 mm). This indicates a 
possible effect of ISDN on the specific process associated 
with the release of CK-MB itself. 
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A Dose-Finding Study of the Hemodynamic 
Effect of Isosorbide Dinitrate Spray in 
Congestive Heart Failure 


Robert Klein, MD, and Tali Sharir, MD 


A dose-finding study of the hemodynamic effect of 


a new formulation of isosorbide dinitrate (ISDN) 
spray was performed in 12 patients with chronic 
congestive heart failure. Doses of 1.25, 2.5, 5.0 
mg and placebo, as 1 squirt, were randomly given 
to all patients. Hemodynamic measurements were 
performed by a Swan-Ganz catheter before and at 
30 seconds and 1, 5, 10, 20 and 30 minutes after 
drug administration and every 30 minutes thereaf- 
ter, until return of hemodynamic variables to base- 
line. Hemodynamic improvement evident as de- 
creases in right-sided pressures and an increase in 
cardiac output was observed within 1 minute from 
administration of ISDN spray, and peaked at 5 min- 
utes. Near maximal effect was achieved by the 2.5- 
mg dose. Thus, 2.5 mg of ISDN spray (new formu- 
lation) produces rapid, near-maximal hemodynam- 
ic improvement in patients with congestive heart 
failure. 

(Am J Cardiol 1990;65:39J-—42)) 


From the Cardiology Department, Rebecca Sieff Hospital, Zefat, 


Israel. 
Address for reprints: Robert Klein, MD, Cardiology Department, 
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he most rapid conventional therapy for relief 
of symptoms in angina pectoris and dyspnea asso- 


ciated with heart failure is sublingual administra- 
tion of nitrates in tablet form. However, even the rapidly 
acting sublingual tablets require a few minutes before 
onset of effect. Peak plasma levels are achieved about 2 
minutes after dissolution of the tablet.! Moreover, the 
time required for dissolution of the tablet (which varies 
from patient to patient) further delays the onset of action. 
In elderly patients with a dry mouth this problem may be 
more pronounced. 

Nitrate spray has been established as a form of rapid 
administration of nitrates in patients with angina pecto- 
ris, chronic congestive heart failure and pulmonary ede- 
ma.*-* Nitroglycerin and isosorbide dinitrate (ISDN) 
sprays are available.*> They have been shown to act as 
rapidly as, or even more rapidly than, sublingual nitrate 
tablets. 

A new formulation of an ISDN spray in a hydrophilic 
solution with improved biovailability is now available. 
This report describes a dose-finding study of the hemody- 
namic effect of this new spray in patients with chronic 
congestive heart failure. 


METHODS 

Patients: Twelve patients (8 men and 4 women, aged 
42 to 75 years [medium age 68]) were studied. All had 
chronic congestive heart failure for a period of 26 
months. Ten of the patients were in New York Heart 
Association functional class III and 2 patients were in 
class II. The cause of heart failure was coronary artery 
disease in all cases. The inclusion criteria were: heart 
failure due to coronary, hypertensive or primary myocar- 
dial disease; heart failure of 26 months’ duration; stable 
hemodynamic condition for 23 months before the trial; 
functional class II to III left ventricular filling pressure 
>18 mm Hg at rest; previous documented response to 
vasodilators; age 40 to 75 years; and left ventricular ejec- 
tion fraction <35%, determined by radionuclide ventric- 
ulography or left ventriculography during cardiac cathe- 
terization. The exclusion criteria were: acute myocardial 
infarction within 3 months from trial; unstable angina 
pectoris or poorly controlled chronic stable angina pecto- 
ris; uncontrolled systemic hypertension; chronic obstruc- 
tive pulmonary disease with pulmonary hypertension; 
life-threatening ventricular arrhythmias; artificial cardi- 
ac pacemaker; sick sinus syndrome; essential treatment 
with long-acting nitrates or other vasodilators; predomi- 
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FIGURE 1. Mean pulmonary arterial pressure: 
changes over 1 hour with placebo and isosorbide 
dinitrate spray. 


FIGURE 2. Pulmonary capillary wedge pressure: 
changes over 1 hour with placebo and isosorbide 
dinitrate spray. 


FIGURE 3. Right atrial pressure: changes over 1 
hour with placebo and isosorbide dinitrate spray. 





FIGURE 4. Cardiac output: changes over 1 hour 
with placebo and isosorbide dinitrate spray. 


@ Placebo 


nant right heart failure with peripheral edema being the 
main sign of heart failure; cardiac valvar disease; any 
active pulmonary, systemic, hepatic, renal or metabolic 
disease; and mental impairment. 

Study design: This was a randomized, double-blind, 
crossover, placebo-controlled dose-finding study. After 
screening procedures the patients were hospitalized in the 
cardiac unit. They received 1 squirt of a new formulation 
of an oral spray of ISDN (Schwarz Pharma, Monheim, 
Federal Republic of Germany) at a dose of 1.25, 2.5 and 
5.0 mg, and placebo. After each dose, hemodynamic 
measurements were performed through a Swan-Ganz 
thermodilution catheter (inserted 212 hours before ad- 
ministration of the first dose) at 0.5, 1, 3, 5, 10, 20, 30, 45 
and 60 minutes after administration, or for a longer peri- 
od until return of the hemodynamic variables to the base- 
line level. 

Analysis of data: The hemodynamic data were ana- 
lyzed separately for each treatment of the study and 
compared with the control measurements of that day. A 
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FIGURE 5. Systemic vascular resistance: 
changes over 1 hour with placebo and isosorbide 
dinitrate spray. 


dyn- sec- cm 


—_— 
(e2) 
O 
O 


@ Placebo 


005 1 


ii 
K 


35 10 20 30 45 
Minutes after application 


A 1.25 mg * 250mg @ 5.00 mg 


magnitude-time graph of activity was derived from the 
data for each day. Total activity of each treatment was 
measured by the difference integral to baseline. Confir- 
matory analysis was performed by 1-sided paired f tests 
using Bonferroni-adjusted p values. The multiple signifi- 
cance level was 5%. Exploratory data analyses were per- 
formed for heart rate and adverse reaction. 


RESULTS 

All patients completed the study. Placebo had no sig- 
nificant effect. In all, hemodynamic improvement, evi- 
dent mainly as a reduction in pulmonary arterial, pulmo- 
nary capillary wedge and right atrial pressures and an 
increase in cardiac output, was observed after adminis- 
tration of the spray. A significant effect was observed at 1 
minute after administration and peaked at 5 to 10 min- 
utes, remained relatively stable between 10 and 20 min- 
utes and declined thereafter (Fig. 1 to 5). 

The hemodynamic effect of the 2.5-mg dose was near 
maximal and significantly greater than that of the 1.25- 
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mg dose, which was not significant for all parameters in 
all time points where the effect of the 2.5 mg was signifi- 
cant. The 5.0-mg dose did not have a significantly greater 
effect than 2.5 mg. 

No serious adverse effects were observed. 


DISCUSSION 

Our results confirm the rapid onset of action of the 
new formulation of ISDN spray in patients with chronic 
congestive heart failure. The new spray is similar to older 
formulations of nitroglycerin and ISDN spray.!->6 The 
rapid onset of action and the fact that the patient does not 
have to hold the drug sublingually for several minutes 
make the spray an important alternative to sublingual 
administration of nitrate tablets. 

This dose-finding study also confirmed that although 
some hemodynamic improvement is produced by 1.25 
mg, the optimal dose is 2.5 mg. The effect of this dose is 
not significantly different from that of the 5.0-mg dose in 
time to onset, magnitude and duration of the effect. 

Although sublingual tablet administration is consid- 
ered the most rapid conventional method for relief of pain 
in angina pectoris and of dyspnea in congestive heart 
failure, its effect is not immediate and it has certain 
limitations. When given sublingually as tablets, nitrates 
reach peak plasma levels 22 minutes after dissolution of 
the tablet.’ This time, however, shows marked interpa- 
tient variability. The dissolution process takes approxi- 
mately 1 minute and it increases the time required 
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to achieve peak plasma levels by approximately one 
half. 

The dissolution time depends on numerous factors. It 
may be prolonged in the elderly, in regions with high 
temperatures and in patients with a dry mouth. Dis- 
tressed patients with dyspnea or severe chest pain may 
find it difficult to hold the tablet under their tongues. In 
dependent patients the nurse has to follow the patients for 
several minutes until the tablet dissolves, and to take care 
that the drug will not be swallowed. These problems are 
avoided by the use of spray. Our findings with the new 
ISDN spray fulfill these expectations. 

In conclusion, the new ISDN spray is an effective and 
safe short-term treatment for patients with chronic con- 
gestive heart failure. The optimal dose is 2.5 mg. 
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Comparative Evaluation of a New Formulation of 
Isosorbide Dinitrate Oral Spray and 
Sublingual Nitroglycerin Tablets 


Alon Marmor, MD 


The magnitude and time course of the hemodynam- 


ic effect of a new formulation of an aqueous solu- 
tion of isosorbide dinitrate (ISDN) spray were com- 
pared with those of sublingual nitroglycerin (NTG) 
tablets in 12 patients with chronic congestive heart 
failure. The patients received, in a random order, 
ISDN spray, 2.5 mg, or sublingual NTG, 0.8 mg. 
Hemodynamic measurements were performed be- 
fore and at 1, 3, 5, 10, 20, 30 and 60 minutes af- 
ter each drug. The second drug was given only af- 
ter return of the hemodynamic parameters to base- 
line, plus a washout period of 2 hours. The 
hemodynamic variables measured were comparable 
at baseline. Both drugs produced hemodynamic im- 
provement including a decrease in pulmonary capil- 
lary wedge pressure (PCWP), right atrial pressure 
and systemic and pulmonary vascular resistances. 
Only ISDN spray significantly increased cardiac 
output. The onset of action of ISDN spray was sig- 
nificantly more rapid than that of NTG. This was 
primarily evident in the decrease in PCWP. With 
ISDN spray the decrease started at 1 minute after 
administration, and at 3 minutes a decrease of 8.6 
mm Hg was already found. The corresponding val- 
ue for sublingual NTG was 1.6 mm Hg. The differ- 
ence was highly significant (p <0.02). The peak ef- 
fect of ISDN spray on PCWP and right atrial pres- 
sure was greater than that of NTG. 

Thus, the onset of the hemodynamic effect of 
the new formulation of ISDN spray is much more 
rapid than that of sublingual NTG tablets. At the 
doses used, the magnitude of the effect of the ISDN 
spray on some of the hemodynamic variables is 
greater than that of sublingual NTG. 

(Am J Cardiol 1990;65:43J—45J) 
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the rapidity of onset of action. This is of importance 

in relieving pain in patients with angina pectoris or 
dyspnea in patients with pulmonary edema. Isosorbide 
dinitrate (ISDN) spray was shown to act very rapidly in 
these conditions. Its onset of action preceded that of sub- 
lingual tablets of ISDN in patients with angina pectoris, | 
acute deterioration of heart failure, chronic heart failure? 
and pulmonary congestion in the presence of normal car- 
diac output. However, the spray was not compared with 
sublingual nitroglycerin (NTG) tablets, and it may be 
questionable whether these tablets would exert their onset 
of action as rapidly or even more rapidly than the spray. 
Because sublingual NTG tablets are the most rapid con- 
ventional way of administration of nitrates, every new 
nitrate formulation aimed at rapid onset of action should 
be compared with these tablets. 

This report describes a comparative evaluation of the 
time course of the effect of a new formulation of an 
aqueous solution of ISDN spray with improved bioavail- 
ability and sublingual NTG tablets in patients with 
chronic congestive heart failure. 


I: acute administration of nitrates, emphasis is on 


METHODS 

Twelve patients (11 men and 1 woman, aged 62.7 + 
8.3 years [mean + standard deviation]) with chronic 
congestive heart failure participated in the trial. All pa- 
tients signed an informed consent before entering the 
trial. All had New York Heart Association functional 
class III (7 patients) or IIB (5 patients) heart failure due 
to coronary artery disease and a previous infarction (10 
patients) or dilated cardiomyopathy (2 patients). In all 
cases heart failure was 26 months’ duration, and the 
clinical condition was stable 23 months. All patients had 
a pulmonary capillary wedge pressure (PCWP) of 18 mm 
Hg at rest and left ventricular ejection fraction <35%. 

All cardioactive drugs except for digitalis and orally 
administered diuretics were gradually reduced in dose, 
and completely discontinued at least 5 half-lives before 
the trial. Right-sided cardiac catheterization with a 
Swan-Ganz catheter was performed in the evening before 
the trial, and patients were allowed to rest until the morn- 
ing. 
On the morning of the trial, digitalis and diuretics 
were not given. Control hemodynamic measurements 
were obtained in the supine position. Thereafter, the pa- 
tients received, in random order, either the new formula- 
tion of aqueous solution of ISDN oral spray, 2.5 mg, or a 
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| TABLE! Hemodynamic Variables Before and at 1, 3, 5, 10, 
20, 30 and 60 Minutes After Drug Administration 


HR CO 
(beats/ MAP PCWP RA (liters/ (dynes 
Time min) (mmHg) (mmHg) (mmHg) min) scm!) 


Isosorbide Dinitrate Spray 


94.2 25.7 13.6 1,741 
+5.8 +5.4 ESZ +170 
93.5 24.0 13.3 1,694 
+8.9 +4.6 +3.4 +210 
86.7* 17.1% fe igs 1,606*-t 
+6.0 2.9 +2.3* +160 
84.3* 15.4*.1 7.7* 1,520*:t 
+5.2 +2.1 +2.6 +157 
85.8* 13.3*:1 6.3* 1 1,570* 
+4.6 +2:3 +1.5 +177 
87.8* 16.8* 9.6* 1,5397 
+5.4 +2.0 +3.1 +199 
91.1 17.8* 9.2* 1,681 
+6.8 +2.0 +2.6 +214 
90.6 18.0* 9.9 1,638 
+6.8 +157 +24 +203 


SVR 


Sublingual Nitroglycerin 


25.4 
+4.9 
25.0 
+4.8 
23.8 
+6.0 


14.2 
+3.2 
13.8 
+3.3 
11.9 
+3.2 
20.7* 10.7* 
+6.6 +3.7 
18.9* 9.7 
+4.5 3.7 
18.3* 9.57 
+4.5 +3.7 
18.9 9.7 
+3.5 £2.7 
2217 12.4 
+3.4 +3.2 
* Significance of difference from baseline (p <0.05). 
t Significance of difference between isosorbide dinitrate spray and nitroglycerin (p 
aoe cardiac output; HR = heart rate; MAP = mean systemic arterial pressure; 


PCWP = pulmonary capillary wedge pressure; RA = right atrial pressure; SVR = 
systemic vascular resistance. 


sublingual NTG tablet, 0.8 mg. Hemodynamic measure- 
ments were repeated at 1, 3, 5, 10, 20, 30 and 60 minutes 
after administration, and every hour thereafter. After the 
hemodynamic variables returned to baseline an addition- 
al 2-hour washout interval was allowed. The second drug 
was then given and the process repeated. 

The statistical significance of the findings was evalu- 
ated by the ¢ test and analysis of variance. 


RESULTS 

All patients completed the trial. The pretreatment 
hemodynamic variables before administration of each 
drug were comparable (Table I). Both ISDN spray and 
sublingual NTG produced hemodynamic improvement, 
evident as a decrease seen in PCWP, mean pulmonary 
arterial pressure, right atrial pressure and systemic and 
pulmonary vascular resistances (statistically significant 
at p <0.05). An increase in cardiac output was significant 
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only with ISDN. The magnitude of the maximal effect on 
some of the hemodynamic variables was somewhat great- 
er for ISDN spray than for nitroglycerin. 

ISDN spray reduced PCWP from 25.7 + 5.4 to 13.3 
+ 2.3 mm Hg, and NTG reduced it from 25.4 + 4.9 to 
18.3 + 4.5 mm Hg. The difference between the changes 
in pressures was statistically significant (p <0.05). ISDN 
spray reduced right atrial pressure from 13.6 + 3.2 to 6.3 
+ 1.5mm Hg, and NTG reduced it from 14.2 + 3.2 to 9.5 
+ 3.7 mm Hg (p <0.05). The magnitude of the other 
hemodynamic changes was similar for both drugs. 

The onset of action of ISDN spray was more rapid 
than that of sublingual NTG. This was primarily evident 
in the effect on PCWP. With ISDN spray the decrease in 
this pressure started at 1 minute after administration. At 
3 minutes the wedge pressure was reduced by 8.6 mm Hg. 
With sublingual NTG the decrease in PCWP started 
only at 3 minutes and was, at that time, only 1.6 mm Hg. 
The difference was highly significant (p <0.02). At 5 
minutes, mean PCWP was reduced by 10.3 mm Hg with 
ISDN spray and by 4.7 mm Hg with sublingual NTG 
(p <0.05). Systemic vascular resistance was reduced ear- 
lier and to a greater extent by ISDN spray than by 
sublingual NTG (p <0.05). Heart rate was slightly but 
significantly increased and mean blood pressure was re- 
duced with both drugs (Table I). No serious side effects 
or complications were observed. 


DISCUSSION 

This study revealed that the new formulation of ISDN 
spray produces the expected hemodynamic improvement, 
which is qualitatively similar to that produced by all other 
nitrates in patients with chronic heart failure. However, 
the onset of action of ISDN spray was more rapid than 
that of the fastest conventional mode of nitrate adminis- 
tration, namely, sublingual NTG tablets. 

It may be argued that zero time for sublingual tablets 
in this study should be the end of dissociation and the 
beginning of absorption. From a clinical point of view, 
however, the important comparison is between time from 
administration to onset of action. Moreover, dissolution 
and absorption are continuous and overlapping processes. 

Several previous studies have shown that an older 
formulation of ISDN spray acts fast and its onset of 
action is earlier than that of sublingual ISDN tablets.'~? 
This is most probably due to the more rapid absorption of 
the spray.* However, the question of whether the ISDN 
spray also acts more rapidly than sublingual NTG tablets 
remained unanswered. The present study confirms the 
superiority of the spray in this respect. 

Another advantage of the spray found in this trial was 
the greater magnitude of the hemodynamic improve- 
ment, evident as greater decreases in left and right ven- 
tricular filling pressures and a greater decrease in system- 
ic vascular resistance, compared with that produced by 
the sublingual NTG tablet. This finding is valid only for 
the doses used in the trial. However, 0.8 mg is in the 
higher range of sublingual NTG doses, whereas 2.5 mg is 
in the lower range of ISDN doses when this drug is given 





sublingually. In any case, this point is only secondary, 
since the main advantage of the spray is in its more rapid 
onset of action. 

Only ISDN spray significantly increased cardiac out- 
put. However, the increase was small and pretreatment 
cardiac output was only moderately reduced compared 
with normal values. 

Both drugs slightly but significantly accelerated heart 
rate. Although a marked increase in heart rate is infre- 
quent in patients with heart failure after administration 
of vasodilators, some increase may be observed. The rapid 
absorption of both NTG and ISDN could have contrib- 
uted to this increase in our patients. 

NTG lingual spray is also available. Doses of 0.4 and 
0.8 mg of this spray were found effective in the treatment 
of angina pectoris. In our study we demonstrated 
that the ISDN spray is superior to sublingual NTG. A 


comparative evaluation of both types of spray is re- 
quired. 

In conclusion, the new formulation of ISDN spray 
produces more rapid hemodynamic improvement than 
sublingual NTG tablets in patients with heart failure. 
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Randomized Double-Blind Comparison of 
Isosorbide Dinitrate and Nifedipine 
in Variant Angina Pectoris 


Michael Aschermann, MD, Jan Bultas, MD, Debora Karetova, MD, Frantisek Kélbel, MD, 
Michaela Kozakova, MD, and David Simper, MD 


The antianginal and anti-ischemic effect of isosor- 


bide dinitrate (ISDN), 120 mg once daily, and nifed- 
ipine, 20 mg twice daily, both in slow-release for- 
mulations, were compared in 17 patients with vari- 
ant angina pectoris in a randomized, double-blind 
trial. The design included a placebo run-in period 
and two 6-week crossover periods of active treat- 
ment. Mean frequency of angina decreased signifi- 
cantly from 43 attacks per week during the placebo 
period to 4 per week with ISDN and 8 with nifedi- 
pine (p <0.001). Sublingual nitroglycerin consump- 
tion decreased significantly from 37 tablets per 
week with placebo to 3 tablets per week with ISDN 
and 7 with nifedipine (p <0.001). Both drugs re- 
duced the silent and symptomatic ST-segment devi- 
ations on ambulatory electrocardiographic record- 
ing and increased maximal exercise tolerance. Epi- 
sodes of coronary spasm could be provoked, by 
hyperventilation, in all patients during the placebo 
phase but in no patient during therapy with either 
active drug. 

Thus, both ISDN and nifedipine, in their slow-re- 
lease formulations, are effective in the treatment of 
variant angina pectoris. 

(Am J Cardiol 1990;65:46J—49)J) 
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( rans artery spasm is an important cause of 
transient myocardial ischemia in some patients 
with angina pectoris and it may, in some cases, 

result in acute myocardial infarction.'* Prinzmetal’s var- 
iant angina was described in 1959? as chest pain at rest 
occurring at night or early morning and associated with 
ST-segment elevation which was reversible by nitrate 
administration. Prevalence of variant angina among all 
forms of angina pectoris is currently estimated to be 3 to 
5%. Previous experience showed that nitrates? and calci- 
um antagonists>~’ are especially effective in the treatment 
of patients with variant angina. Some double-blind stud- 
ies suggested that nifedipine is superior to isosorbide dini- 
trate (ISDN),*.? others showed no difference in response 
to both drugs.!° Nitroglycerin usually relieves the attacks 
and ISDN may prevent them. However, ISDN has a 
short half-life and must be taken several times daily. New 
slow-release ISDN, 120 mg, is effective for a 24-hour 
period. In this investigation we compared in a prospective, 
randomized, double-blind crossover fashion the efficacy 
of nifedipine to ISDN, 120 mg, in the treatment of pa- 
tients with proved active variant angina. 


METHODS 

Patients: Seventeen patients (8 men and 9 women, 
aged 33 to 57 years) were prospectively entered into the 
study (Table I). Four patients withdrew from the study: 1 
after the placebo period, 3 during the study. Criterion for 
patient inclusion was the clinical syndrome of chest pain 
associated with ST-segment elevations 20.1 mV. Revers- 
ible focal spasm (>75% luminal diameter narrowing 
from baseline) of an epicardial coronary artery was found 
either spontaneously (4 patients) or after provocation (13 
patients). There was no evidence of hemodynamically 
important atherosclerotic coronary narrowing (defined as 
> 50% reduction of luminal diameter after administration 
of nitroglycerin) in 13 patients. The remaining 4 patients 
had fixed hemodynamically important coronary artery 
stenosis. Patients were excluded from the study if they 
had recent myocardial infarction, congestive heart fail- 
ure, serious arrhythmias and other serious medical 
problems. The use of long-acting nitrates, 6 blockers 
and calcium antagonists was prohibited during the 
study. 

Study protocol: The study consisted of the 3 phases 
(Table II). Phase I was 1 week of placebo therapy. At the 
end of phase I all patients underwent clinical evaluation, 





TABLE I Patients’ Characteristics 


Age (yr) 
Case &Sex 


Hyper- 


tension DM HLP CAG Spasm 


75% LAD 
N 
N 
60% RCA 
70% RCA 
60% RCA 


WOON DO BWNDY 


DM = diabetes mellitus; HLP = hyperlipoproteinemia; CAG = coronary angiogra- 
phy; N = normal finding; RCA = right coronary artery; LCX = left circumflex artery; 
LAD = left anterior descenders; + = present; — = absent. 


exercise stress testing, spasm provocation using hyperven- 
tilation in combination with handgrip? and 24-hour 
Holter monitoring. Episodes of transient ST-segment 
shifts associated with either pain or silent ischemia and 
occurrence of arrythmias were detected. Transient ST- 
segment deviations from baseline were considered present 
if ST-segment elevations or depression >0.1 mV was 
present for 21 minutes. After the placebo phase, patients 
were randomized in a double-blind fashion either to ther- 
apy with nifedipine retard, 20 mg twice daily (Adalat 
Retard®), or ISDN, 120 mg once daily (Isoket 120®) for 
a 6-week period (phase II). After 6 weeks, patients were 
crossed over to the opposite drug treatment for a final 6 
weeks (phase III). At the end of phases II and III all 


TABLE li Study Design* 


Wash-Out Active 
Period Treatment 


Placebo Active 
Period Treatment 


Run-In 
Period 


1 Week 6 Weeks 2 Days 6 Weeks 


ISDN 
120 mg 


/ once daily 
Placebo 


Nifedipine 
Omg 
twice daily 
Placebo 
Nifedipine ISDN 
20 mg 120 mg 
twice daily once daily 


CAG 
Clinical 
evaluation 
Provocation 
Stress test 
Provocation 
Holter 
monitoring 


Clinical 
eviauation 


Clinical 
evaluation 


Stress test 

Provocation 

Holter 
monitoring 


Stress test 
Provocation 
Holter 
monitoring 
Coronary angiography and spasm provocation during run-in period, clinical evalua- 
tions, stress testing, Holter monitoring and review of patients diaries after 1,6 and 12 


weeks. 
ISDN = isosorbide dinitrate. 


n/week 


70 
angina/week 


60 
* p <0.001 


50 
40 


30 


PLACEBO ISDN NIFEDIPINE 


FIGURE 1. Anginal attacks and nitroglycerin consumption per 
week as recorded from patients’ diaries. 


aforementioned tests were repeated. During the course of 
the study each patient maintained a written diary of chest 
pains and nitroglycerin usage. Prophylactic use of nitro- 
glycerin was prohibited during all phases. Diary reviews 
and pill counts were used to monitor the patients’ symp- 
toms and compliance. All adverse effects were monitored 
on a regular basis and recorded. Adverse effects such as 
headache were treated symptomatically. 

Data analysis: All patients’ diaries and electrocardio- 
graphic recordings were analyzed by one of the investiga- 
tors without knowledge of which pharmacologic agents 
were being administered. Each variable analyzed (chest 
pain, nitroglycerin use, ST-segment deviations, maximal 
tolerance during exercise stress testing, maximal working 
capacity during stress test) were compared for placebo, 
nifedipine and ISDN groups using paired ¢ test. In all 
analyses, p <0.05 was considered significant. 


ASS ST depressions 


CI ST depressions without 
angina 


*p<0.05 **p<001 


laa N 


ISDN NIFEDIPINE 


FIGURE 2. Number of ST-segment depressions with or with- 
out angina during 24-hour Holter monitoring. ISDN = isosor- 
bide dinitrate. 
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A SYMPOSIUM: ADVANCES IN NITRATE THERAPY (PART 2) 


SS ST elevations 


x] ST elevations without 
angina 


xp <0.01 


PLACEBO ISDN NIFEDIPINE 


FIGURE 3. Number of ST-segment elevations with or without 
angina during 24-hour Holter monitoring. ISDN = isosorbide 
dinitrate. 


RESULTS 

Clinical response to therapy and nitrate consumption 
(Fig. 1): Frequency of chest pain increased during the 
placebo phase from 25 to 43 attacks per week. Mean 
frequency of angina decreased significantly with both 
ISDN (4 episodes per week) and nifedipine (8 episodes 
per week) (p <0.001). Consumption of nitroglycerin also 
decreased significantly from placebo phase (37 tablets 
per week) to the ISDN treatment (3 tablets per week) as 
well as nifedipine (7 tablets per week) (p <0.001). 

Holter monitoring data (Fig. 2 and 3): During both 
ISDN and nifedipine treatment phases the frequency of 
either symptomatic or asymptomatic shifts of ST seg- 
ment was significantly decreased (p <0.001) compared 
with the placebo phase. There was no difference between 
the ISDN and nifedipine groups. 

Exercise stress testing (Fig. 4 and 5): Exercise stress 
testing performed after phases II and III in each group of 
patients showed significant increases in maximal toler- 


PLACEBO ISDN NIFEDIPINE 


FIGURE 4. Maximal load tolerance during stress test. 
ISDN = isosorbide dinitrate. 
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PLACEBO 


ISDN 


FIGURE 5. Maximal working capacity during stress test. 
ISDN = isosorbide dinitrate. 


ance during exercise as well as in maximal working ca- 
pacity after both ISDN and nifedipine 

Spasm provocation: Provocation of spasm was posi- 
tive in all patients after the placebo phase. Repeated 
provocative tests after treatment phases II and III yielded 
negative results in all patients. 

Adverse effects: The frequency of headache was 
greater with ISDN than with nifedipine. Five patients 
had headaches after ISDN (38.4%); in 3 patients (23.1%) 
headache was so severe that the study had to be terminat- 
ed. Only 2 patients had slight headache during nifedipine 
treatment (15.4%). Other adverse effects often appearing 
during nifedipine treatment (pedal edema, dizziness) 
were not observed. 


DISCUSSION 

Previous studies comparing antianginal effects of 
ISDN and nifedipine in patients with variant angina have 
been reported.**? There is no general agreement as to 
whether one drug is more effective than the other. The 
study of Ginsburg et alë reported that nifedipine caused 
greater reduction in frequency of pain than ISDN (75 vs 
61%). In contrast, Conti et al? and Hill et al? showed that 
neither drug seemed superior; some patients responded 
better to ISDN, others to nifedipine. Assessment of the 
drugs’ efficacy in patients with variant angina presents 
some problems. In patients with variant angina, ST-seg- 
ment shifts are not always associated with anginal pain 
(up to 60% of episodes).'° This fact emphasizes the need 
for an objective method such as Holter monitoring.!! 
Variant angina may also have spontaneous variations,! 
and clinical trials should include placebo periods long 
enough to detect them. In the study of Rizzon et al,!? only 
29 of 75 patients enrolled in their trial (38%) continued to 
experience episodes of angina at rest during the placebo 
phase. In our study, we found a significant increase in 
episodes of pain during the placebo phase with a concomi- 
tant increase in nitroglycerin consumption. 

The results of our study show that both ISDN, 120 
mg/day, and nifedipine, 20 mg twice daily, are compara- 





ble in patients with variant angina. Symptomatic im- 
provement was associated with documented decreases in 
symptomatic as well as asymptomatic ST-segment shifts 
in Holter monitoring data. The question is, could there be 
some advantage using isosorbide dinitrate instead of oth- 
er nitrates? Recent studies have clearly showed that com- 
mon therpeutic regimens using nitrates are often associ- 
ated with diminished efficacy.'* Tolerance develops 
rapidly and can be rapidly reversed during nitrate with- 
drawal. The use of intermittent or eccentric dosing with 
oral nitrates has been shown to maintain antianginal effi- 
cacy during long-term therapy. ISDN, 120 mg, provides 
lower plasma nitrate concentration during the terminal 
phase and can thus prevent development of tolerance. 
The main disadvantage with ISDN, 120 mg, is more 
frequent occurrence of intolerable headache. However, in 
>60% of our patients the antianginal effect of ISDN was 
very good without any adverse effect. 


CONCLUSIONS 

Our study showed the comparable efficacy of ISDN 
120 mg/day, in a single dose and nifedipine, 20 mg twice 
daily, for the treatment of patients with variant angina in 
the active phase of the disease. Similar good results were 
observed when comparing the number of symptomatic or 
asymptomatic ST-segment shifts before and during treat- 
ment with both drugs. ISDN, 120 mg, appeared to be 
subjectively less well tolerated than nifedipine: headache 
with ISDN occurred more frequently and in 3 patients it 


was quite severe. ISDN, 120 mg/day, and nifedipine, 20 
mg twice daily, may thus be considered first-choice thera- 
py in the treatment of variant angina during phases of 
disease activity. 
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Intravenous Isosorbide-5-Mononitrate in the 
Treatment of Acute Myocardial Infarction 


Dženana E. Rezakovié, MD, PhD, Vladimir Goldner, MD, PhD, Zdravko Batinić, MD, 
Marija Weiss, DSc, Janez Stalec, and Leo Pavičić, MSc 


The action of isorsorbide-5-mononitrate (IS-5-MN) 
infusion (range 6.0 to 10.0 mg/hour) was studied 
in 24 patients with and without acute heart failure 
(hemodynamic subsets I to IV) during acute myo- 
cardial infarction. Hemodynamic measurements 
were performed by right-sided cardiac catheteriza- 
tion. Intravenous IS-5-MN demonstrated significant 
hemodynamic effects compared with baseline val- 
ues. In subsets I and Il, a decrease in pulmonary 
wedge pressure (PWP) and in cardiac index (Cl), 
without significant changes in heart rate, mean ar- 
terial pressure or systemic vascular resistance in- 
dex were demonstrated. In subsets Ill and IV, a 
major increase in Cl and a decrease in systemic 
vascular resistance index, as well as a decrease in 
PWP were found. Again no changes occurred in 
mean arterial pressure and heart rate. The dosage 
was similar in subsets | to IV (8.0, 7.9, 7.8 and 7.3 
mg/hour); thus, the differences in the responses 
could not be attributed to dosage. It appears that 
several different patterns of hemodynamic IS-5-MN 
action exist, assuming that IS-5-MN operates on 
preload and afterload levels. The action of IS-5-MN 
mechanisms seems to be dependent on an initial 
hemodynamic subset. No patient had any deleteri- 
ous hemodynamic effects. A decrease in Cl in sub- 
sets | and Il was not of clinical importance with 
these dosages. No nitrate tolerance during 9.0 
hours of continuous therapy appeared. The dura- 
tion of the time needed to restore baseline values 
after IS-5-MN discontinuation demonstrated the 
following: a decrease in Cl in subsets I and Il last- 
ing an average of 2.2 hours; a decrease in PWP in 
subsets Il and IV lasting an average of 4.2 hours; 
and an increase in Cl in subsets Ill and IV main- 
tained at an average of 3.8 hours. No signs of a re- 
bound hemodynamic phenomenon were found in 
any patient. 

(Am J Cardiol 1990;65:50J-—56J) 
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apy for acute myocardial infarction to reduce infarct 

size and to improve ventricular performance.'* How- 
ever, opinions vary widely on the influence of nitrates on 
hemodynamic variables, especially on cardiac output and 
systemic arterial pressure.** Because these hemodynam- 
ic factors are essential for coronary perfusion and ventric- 
ular performance, the main task is to use the beneficial 
effects of nitrates and to prevent adverse hypotensive 
reactions. We undertook the study of nitrate mechanisms 
and investigated the relation of their action with the base- 
line hemodynamic status of each patient.’ 

Isosorbide-5-mononitrate (IS-5-MN) has been the 
last of the nitrates introduced for the treatment of acute 
myocardial infarction. It is considerably different from 
nitroglycerin and isosorbide dinitrate in its metabolism 
and excretion, resulting in insignificant interindividual 
differences in blood drug level and long elimination half- 
life (4.0 to 5.5 hours). The therapeutic effects of IS-5- 
MN have since been well documented with regard to the 
treatment of coronary artery disease,’~? although little is 
known about its efficacy, especially in its intravenous 
form, in patients with acute myocardial infarction and 
acute heart failure. 

The aims of this study were to: (1) investigate clinical 
and hemodynamic efficacy of intravenous IS-5-MN in 
the treatment of patients with and without acute heart 
failure during acute myocardial infarction; (2) test the 
hypothesis about different hemodynamic patterns of IS- 
5-MN action and its relation to initial patients’ status in 
different hemodynamic subsets (I to IV); (3) assess if an 
attenuation of hemodynamic effects will occur after 7 to 9 
hours of continuous [IS-5-MN infusion; and (4) define the 
duration of hemodynamic effects after interruption of IS- 
5-MN infusion and potential occurrence of rebound phe- 
nomenon. 


[irria nitrates are widely accepted as early ther- 


METHODS 

Patients: The study comprised 24 patients (22 men 
and 2 women, average age 57.6 years [range 41 to 69]). 
Twenty-six patients with acute myocardial infarction 
were initially included but 2 patients withdrew. 

The diagnosis of definite acute myocardial infarction 
was established according to World Health Organization 
criteria at admission to the coronary care unit.!° Myocar- 
dial infarction in the anterior and inferior locations were 
found in 11 and 13 patients, respectively. 

The patients in all hemodynamic subsets (I, II, HI and 
IV) were included in the trial, i.e., with and without acute 
heart failure. Patients were randomly chosen on admis- 





TABLE I Control and IS-5-MN Hemodynamic Values in Subsets | + Il and Ill + IV 


Variables 


Control 
1+ Il 


12.17 + 3.60* 
38.00 + 7.53 
19.50 + 4.03 
21.33 + 4.13 
86.33 + 14.67 
96.67 + 9.58 
2.66 + 0.23 


IS-5-MN 
1+ Il 


9.33 + 1.93! 
28.75 + 3.811 
13.79 4:83) 
15.42 + 1.60' 
90.75 + 11.03 
92.83 + 8.74 

2.51 + 0.26! 


Control 
IIl + IV 


11.83 + 2.85 
31.33 + 6.76 
16.83 + 3.76 
18.50 + 3.88 
102.33 + 8.68 


94.25 + 12.10 


1.95 + 0.20 


IS-5-MN 
II + IV 


9.50 + 2.02t 
25.67 + 3.90t 
13.58 1.801 
14.75 + 1.23t 


102.42 + 7.03 
93.08 + 10.15 


2.43 + 0.141 


2,446.1 + 269.9 


* Arithmetic mean + standard deviation; t p <0.01 in multivariate analysis. 


2,674.4 + 297.8 


3,392.6 + 513.1 2,764.9 + 421.6! 


Cl = cardiac index; CVP = central venous pressure; HR = heart rate; IS-5-MN = isosorbide-5-mononitrate; MAP = mean arterial pressure; PASP/PADP = pulmonary artery 
systolic / diastolic pressure; PWP = pulmonary wedge pressure; SVRI = systemic vascular resistance index. 


sion to the coronary care unit according to clinical signs of 
pulmonary congestion and peripheral hypoperfusion as 
well as to hemodynamic values of pulmonary wedge pres- 
sure (PWP) and cardiac index (CI). Hemodynamic sub- 
sets were determined according to Forrester’s classifica- 
tion'!: subset IPWP <18 mm Hg, CI >2.2 liters/min/ 
m7; subset II—PWP >18 mm Hg, CI >2.2 liters /min/ 
m7; subset III—PWP <18 mm Hg, CI $2.2 liters/min/ 
m7; subset IV—PWP >18 mm Hg, CI $2.2 liters/min/ 
m°. The patients with angina pectoris persisting after 
sublingual nitroglycerin were included in hemodynamic 
subset I. All patients gave informed consent. 
Exclusion criteria were: systolic arterial pressure 
<100 mm Hg; heart rate >120 and <55 beats/min; 
significant arrhythmia requiring intervention (supraven- 
tricular or ventricular tachycardia, ventricular fibrilla- 
tion, heart block requiring pacemaker); hypertension 


>180/110 mm Hg; preexisting valvular heart disease; 
mechanical complications (pericardial effusion or con- 
striction); pulmonary obstructive disease; cardiomyopa- 
thy; age >70 years; -adrenergic blocking therapy ad- 
ministered within 48 hours; and acute intercurrent dis- 


ease. 

Two patients, being initially in subset IV, withdrew at 
1 to 3 hours after the beginning of the study because of 
clinical and hemodynamic deterioration with an interrup- 
tion of IS-5-MN administration and introduction of re- 
suscitation. Both patients died, the first because of ven- 
tricular fibrillation and the other because of cardiogenic 
shock. An autopsy confirmed the ventricular aneurysm 
that had been assessed during a previous myocardial in- 
farction 5 years ago. 

Two patients who had successfully completed the IS- 
5-MN trial died, the first after 10 hours because of ven- 
tricular rupture and the other after 20 hours because of 
ventricular fibrillation. 

Study design: This open trial was approved by the 
hospital committee on human research. Patients were 
included in the study immediately on admission to the 
coronary care unit. Baseline control hemodynamic pa- 
rameters were measured 3 times over 45 minutes to con- 
firm a stable status and to determine hemodynamic sub- 
set. 

A titration period was begun with 1.0 mg/hour of IS- 
5-MN infusion, with an added dose of 2.0 mg/hour every 


half hour. When hemodynamic values approached pre- 
stated criteria of IS-5-MN efficacy, the dosage was ele- 
vated by 1.0 mg/hour and a continuous infusion was 
begun at a fixed dose. Titration period lasted 2.0 to 3.0 
hours with hemodynamic measurements obtained every 
half hour. Infusion period continued over 5.5 hours 
(range 6.0 to 10.0 mg/hour of IS-5-MN), with measure- 
ments obtained each hour. IS-5-MN infusion was not 
interrupted during titration and infusion periods, i.e., dur- 
ing 7.5 to 9.0 hours, with an augmented dose during the 
titration period and a fixed IS-5-MN dose over the infu- 
sion period. Infusions were performed with an infusion 
pump through standard intravenous sets. 

Before beginning the study, a small pilot study com- 
posed of 5 patients confirmed that an intravenous IS-5- 
MN dosage could be safely augmented by 2.0 mg/hour 
each half hour, because augmentation of dosage by 1.0 
mg/hour was too slow and not effective enough. 

Optimal IS-5-MN dosage administered over the infu- 
sion period was determined during the titration period on 
the basis of the following end points: a disappearance or 
significant attenuation of angina pectoris in subset I; a 
decrease of elevated PWP at 16 to 18 mm Hg or an 
increase in low CI 215% or >2.2 liters/min/m?; a 10% 


TABLE II Analysis of Differences Between Control (C) and 
IS-5-MN Hemodynamic Values in Subsets | + Il and Ill + IV 


C—IS-5-MN (I + Il) C—1IS-5-MN (Ill + IV) 
Discriminant Discriminant 
Variables x Function X Function 


CVP a an a —0.13 
PASP -9.25 —0.28 3.67 —0.16 
PADP -3.75 —0.35 3.25 —0.14 
PWP -292 —Q.32 3/5 —Q.14 
HR 4.42 0.11 ; 0.01 
MAP —3.83 O71 —0.03 
Cl -0.15 —0.36 : 0.29 
SVRI 128.23 0.11 : —0.21 


DF, =8 F = 24.35 
DF2 = 4 MD = 44.65 
p <0.01 
Nonunderlined correlation coefficient = not significant; underlined correlation coef- 
ficient = p <0.01. DF = degree of freedom; F = F-test value; MD = Mahalanobis 


distance. X = arithmetic mean of differences between control and IS-5-MN values: 
other abbreviations as in Table |. 
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A SYMPOSIUM: ADVANCES IN NITRATE THERAPY (PART 2) 


C] CONTROL 
YA \S -5-MN 


FIGURE 1. Pulmonary wedge pressure 
(PWP): initial and isosorbide-5-mononi- 
trate (IS-5-MN) values in subsets I to IV. 
*p <0.01 compared with initial values. 


decrease in mean arterial pressure; a 10% decrease in the accuracy and reproducibility of the results, which 
normal and 30 to 40 mm Hg in elevated systolic arterial were finally calculated as a mean of at least 2 values in 
pressure but not <90 mm Hg; an increase in heart rate each time period. 
<20 beats/min and a decrease not <50 beats/min. Patients were not given any other drug during IS-5- 
After the IS-5-MN infusion period, nitrate adminis- MN hemodynamic investigation, except previous or new- 
tration was terminated and 5% glucose infusion was con- ly started antiarrhythmic or anticoagulant therapy. 
tinued with hemodynamic measurements obtained each Long-acting nitrates and calcium antagonist therapy 
half hour. This period after IS-5-MN administration last- were terminated within 6 to 12 hours and diuretics 4 to 6 
ed a maximum of <4.5 hours in a case in which either hours before the beginning of the trial. 
hemodynamic values approached baseline results sooner At the beginning of the investigation, only sublingual 
or any clinical or hemodynamic deterioration occurred. nitroglycerin, 0.5 mg, could be administered for persist- 
After this period terminating the trial, the patients’ treat- ing angina. The first hemodynamic measurement was 
ment was continued with either IS-5-MN or other medi- obtained 230 minutes after initiation of therapy. 
cation depending on actual indication. If hemodynamic effects during IS-5-MN infusion 
All hemodynamic measurements were performed were considered clinically unfavorable, the study was dis- 
twice in a standardized manner by a physician toimprove continued and other vasodilator and inotropic therapy 


FIGURE 2. Cardiac index (Cl): initial and 
isosorbide-5-mononitrate (IS-5-MN) val- 
ues in subsets I to IV. *p <0.01 compared 
with initial values. 
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FIGURE 3. Mean arterial pressure (MAP): 
initial and isosorbide-5-mononitrate (IS-5- 
MIN) values in subsets I to IV. p <0.01 
compared with initial values. 


begun. The adverse effects included an increasing severe 
angina pectoris, an increase in PWP by 20%, a decrease in 
CI >10%, a decrease in systolic arterial pressure <90 mm 
Hg, a decrease in mean arterial pressure >10% or <80 
mm Hg, and either marked tachycardia or bradycardia. 
All patients underwent continuous electrocardio- 
graphic monitoring, as well as creatine kinase activity 
measurements, repeated serially every 3 hours. 
Experimental procedures: The trial was conducted in 
the coronary care unit. A flow-directed thermodilution 
catheter was inserted in the pulmonary artery under 
waveform monitoring control by a percutaneous ap- 
proach to the right subclavian vein after local anesthesia 
with lignocaine 2%. All pressures were measured with the 
zero reference point at axillar line. Systemic arterial pres- 
sure was measured by insertion of the cannula to the 


m2 


FIGURE 4. Systemic vascular resistance 
index (SVRI): initial and isosorbide-5- 
mononitrate (IS-5-MN) values in subsets I 


to IV. *p <0.01 compared with initial val- 
ues. 


SV RI dyne sec cm 


radialis artery. The pressures (mm Hg) and cardiac out- 
put (liters/min) were monitored by a Hewlett-Packard 
computer with central station that registered all hemody- 
namic parameters and demonstrated their trends over 
time. The following hemodynamic values were measured: 
heart rate, systolic/diastolic/mean arterial pressures, 
central venous pressure, pulmonary systolic/diastolic/ 
mean artery pressures, PWP and cardiac output. The 
values of CI (liters/min/m7) and systemic vascular resis- 
tance index (dynes s cm~°/m?) were calculated. 
Statistics: Statistical analysis of the quantitative and 
qualitative changes during IS-5-MN administration was 
performed by one of the analyses for repeated measure- 
ments, the model of differences based on the analysis of 
the matrix of differences. In this analysis each subject 
serves as his/her own control. This model is a multivari- 
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TABLE Ill Control and Hemodynamic Values After IS-5-MN in Subsets | + Il and III + IV 


Variables 


Control 
|+ ll 


12.67 + 3.60* 
38.00 + 7.53 
19.50 + 4.03 
21.33+4.13 


After IS-5-MN 
1+ II 


11.00 + 2.89 
35.83 + 7.19 
17.58 + 3.50 
19.50 + 3.75 


Control 
i + IV 


11.83 + 2.85 
31.33 + 6.76 
16.83 + 3.76 
18.50 + 3.88 


After IS-5-MN 
II+ IV 


10.17 + 2.82 
29.33 + 5.68 
16.08 + 2.87 
17.50 + 3.57 


86.33 + 14.67 
96.67 + 9.59 
2.66 + 0.23 


* Arithmetic mean + standard deviation. 
Abbreviations as in Table |. 


ate analysis testing the significance of changes before and 
during therapy in the space of all examined hemodynam- 
ic variables and for each one of them.!%!? The signifi- 
cance of the statistical analysis was determined at p 
<0.01. 


RESULTS 

Analysis of differences during IS-5-MN infusion in 
patients in hemodynamic subsets: Analyses of differ- 
ences were performed in 12 patients each (subsets I + II 
and III + IV) to test potential differences in hemodynam- 
ic IS-5-MN effects depending on different initial subsets. 
The patients in subsets I and II (3 and 9 patients) were 
treated together because they had normal CI and normal 
or elevated PWP, whereas the patients in subsets III and 
IV (9 and 3 patients) were treated as 1 group because of 
low CI and normal or elevated PWP. This was done 
because the patient sample in each hemodynamic subset 
was not large enough to permit multivariate analysis. 

The analysis of differences in subset I + II showed 
that IS-5-MN had significant hemodynamic effects com- 
pared with control values. This was demonstrated by a 
decrease in PWP, pulmonary artery pressures, central 
venous pressure and in CI; however, there were no signifi- 
cant changes in heart rate, mean arterial pressure or 
systemic vascular resistance index (Tables I and II, Fig. 1 
to 4). 

The analysis of differences in subset III + IV showed 
that IS-5-MN also had significant hemodynamic effects 
compared with control values. These changes were relat- 
ed to a major increase in CI, as well as a decrease in 
systemic vascular resistance index, PWP, pulmonary ar- 
tery pressures and central venous pressure. However, 
there were no significant changes in mean arterial pres- 
sure and heart rate (Tables I and II, Fig. 1 to 4). 

Analysis of differences after IS-5-MIN infusion in pa- 
tients in hemodynamic subsets: Analysis of differences 
in the period after IS-5S-MN administration compared 
with baseline results was performed with values obtained 
3.5 to 4.5 hours after the termination of nitrate infusion. 
These analyses showed no significant overall hemody- 
namic effects compared with control results in subsets I + 
II and III + IV (Tables III and IV). 

However, some IS-5-MN effects were still present in 
individual parameters when analyzing patient sheets. The 
analysis of the duration of the time needed to restore 
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90.17 + 9.30 
96.25 + 8.01 
2.56 + 0.21 


102.33 + 8.68 
94.254 12.10 
1.95+0.19 


102.67 + 9.37 
91.92 + 10.88 
2.03 + 0.14 


baseline hemodynamic values in each patient after IS-5- 
MN discontinuation demonstrated the following: a de- 
crease in CI in subsets I and II lasted an average 2.2 hours 
(range 0 to >4.0); a decrease in PWP in subsets II and IV 
lasted an average 4.2 hours (range 2.5 to >4.0); and an 
increase in CI in subsets III and IV was maintained an 
average 3.8 hours (range 2.0 to >4.0). 

No sign of a rebound hemodynamic phenomenon oc- 
curred in any patient in the postinfusion period. 

No serious adverse effects appeared during the trial 
and patients’ tolerability was mainly good; flushes, sweat- 
ing, headache or nausea occurred in 14 patients without 
any objective or subjective indication to discontinue or 
interfere with IS-5-MWN therapy. 


DISCUSSION 

This study showed significant and different IS-5-MN 
hemodynamic effects in patients in hemodynamic subsets 
I to IV during acute myocardial infarction. Mean values 
of IS-5-MN dosage administered during infusion were 
similar for subsets I, II, III and IV (8.0, 7.9, 7.8 and 7.3 
mg/hour), so the differences in hemodynamic responses 
can not be attributed to dosage but to different mecha- 
nisms of IS-5-MWN action. 

Several patterns of IS-5-MN hemodynamic mecha- 
nisms supposedly exist: the effects on preload (a decrease 
in elevated PWP) and on afterload (an increase in de- 
creased CI and a decrease in augmented systemic vascu- 
lar resistance). However, which hemodynamic mecha- 
nism will operate depends on the pattern of initial hemo- 
dynamic disturbance. This assumption explains that a 
decrease in CI in subsets I and II depends on a reduction 
in PWP (i.e., left end-diastolic filling pressure) and that 
an increase in CI in subsets III and IV is related to a 
decrease in systemic vascular resistance. The quantity of 
these changes appears to be related proportionally to the 
magnitude of initial hemodynamic disturbance. 

These analyses of patient subsets demonstrated vari- 
ety of pathophysiologic hemodynamic responses. They 
are undetectable in the analysis of mixed patient samples. 
In the trials with heterogeneous patient samples including 
different hemodynamic subsets, findings are mainly de- 
pendent on the sample itself, i.e. on random hemodynam- 
ic mechanisms dominating in the response. This could be 
an answer to conflicting and different findings in many 
hemodynamic studies of nitrates. 





During the titration and infusion periods of 7.5 to 9.0 
hours of IS-5-MN therapy with increasing and fixed 
dosage, no signs of attenuation of achieved effects oc- 
curred. On the contrary, in most of the patients, symp- 
tomatic relief and hemodynamic responses improved 
from the beginning until the end of the infusion period 
with fixed IS-5-MN dosages. 

Global clinical assessment demonstrated intravenous 
IS-5-MWN therapy as efficacious since symptoms of angi- 
na pectoris, dyspnea, fatigue, and so forth, disappeared or 
attenuated and all patients with acute heart failure were 
assessed to be in hemodynamic subset I at the end of IS-5- 
MN infusion. No patient developed any deleterious he- 
modynamic effects or symptomatic deterioration except 
2 patients who withdrew from the study. A decrease in CI 
in patients in subsets I and II was not of clinical impor- 
tance with this dosage. However, it is reasonable to rec- 
ommend the titration of the lowest IS-5-MN dosage in 
these subsets to produce satisfactory symptomatic and 
hemodynamic results without potential adverse effects. 

These data demonstrated high interindividual vari- 
ability in sustaining hemodynamic responses after termi- 
nation of IS-5-MN infusion. Since elimination half-life of 
intravenous IS-5-MN is approximately 4 hours, these 
data are very important for clinical decisions and predic- 
tion of hemodynamic situations after interruption of IS- 
5-MN therapy. Beneficial hemodynamic effects on PWP 
and CI are maintained for a considerably longer time 
(mean 4.2 and 3.8 hours) than a decrease in CI (2.2 
hours). Finally, no sign of rebound hemodynamic phe- 
nomenon appeared in any patient. 

These results are mainly supported by few other stud- 
ies with IS-5-MWN therapy in patients with acute heart 
failure. Gammage et al!4 showed a significant decrease in 
PWP and CI without a change in arterial pressure after 
bolus of IS-5-MN in patients with acute heart failure 
(subset II) during acute myocardial infarction. Rabino- 
witz et al'? demonstrated a significant decrease in PWP, 
an increase in stroke work index, and a slight, insignifi- 
cant increase in CI with only minimal decrease in system- 
ic vascular resistance in patients with acute heart failure 
(subset IV), whereas a significant decrease in PWP and 
an increase in CI associated with a decrease in elevated 
systemic vascular resistance was seen in patients with 
chronic heart failure. Harf and Welter! showed signifi- 
cant symptomatic improvement in patients with pulmo- 
nary edema with IS-5-MN infusion. All these investiga- 
tors showed that IS-5-MN effects could be maintained 
with infusion or oral therapy from 24 to 48 hours without 
any adverse decrease in blood pressure. Similar results 
were obtained by Lehmann and Polensky,!'’ who con- 
firmed different effects of oral IS-5-MN in patients with 
and without acute heart failure (subset III and IV) dur- 
ing acute myocardial infarction; in the former it induced 
a reduction and in the latter an increase in CI and arterial 
pressure, indicating different actions. They demonstrated 
that no change in CI could be seen when analyzing the 
group as a whole, and concluded that such a result is due 
to the heterogeneity of the sample, because when a sam- 


TABLE IV Analysis of Differences Between Control (C) and 
Hemodynamic Values After (P) IS-5-MN in Subsets | + Il and III 
+ IV 


C—P IS-5-MN (I + II) 


C—P IS-5-MN (Ill + IV) 


Discriminant 
Function 


Discriminant 


Variables X Function | 


CVP 
PASP 


-117 
S27 
PADP —1.92 
PWP =] 383 
HR 3.83 
MAP —0.42 
Cl —0.10 


DF, =7 F = 3.83 
DF2=5 MD = 4.10 
p >0.01 (NS) p >0.01 (NS) 
X = arithmetic mean of differences between control and values after 1S-5-MN 


administration. 
NS = not significant; other abbreviations as in Tables | and II. 


—0.30 
=0.55 
—0.44 
—0.56 

0.17 
—0.06 
—0.53 


ple is homogeneous the differences are significant. This 
supports our assumption that IS-5-MN effects depend on 
initial hemodynamic status; however, such effects can be 
demonstrated only in a defined sample of treated pa- 
tients.’ 

There also are few trials with IS-5-MN in patients 
with chronic heart failure. Schneeweiss! showed that 
intravenous IS-5-MN and nitroglycerin produced similar 
effects in a reduction of PWP and an increse in CI. 
However, nitroglycerin had greater influence on the re- 
duction in systolic and mean blood pressures, as well as 
systemic vascular resistance compared with results from 
IS-5-MN administration. Schneeweiss concluded that 
IS-5-MN may be safer in patients with heart failure of 
ischemic etiology because it is less likely to produce exces- 
sive hypotension and to lower coronary perfusion. Hutton 
et al!? showed the advantage of intravenous IS-5-MN 
compared with intravenous frusemide. Although fruse- 
mide provoked a decrease in CI and stroke volume with 
unchanged PWP in the first 60 minutes after administra- 
tion, IS-5-MN significantly reduced PWP within 5 min- 
utes, and despite a reduction in systolic arterial pressure, 
cardiac output was maintained. The investigators con- 
cluded that intravenous IS-5-MN may play an important 
role in the therapy of patients with acute heart failure to 
counteract the acute vasoconstriction of frusemide. 

These results support the assumption that IS-5-MN 
affects preload and afterload as does arterial and venous 
vasodilators. Based on our results, the action of different 
IS-5-MN mechanisms as well as its magnitude are con- 
sidered dependent on initial hemodynamic subsets under- 
lying acute heart failure. This assumes a dynamic thera- 
peutic approach and a possibility of prediction of IS-5- 
MN effects in different patient subsets. 

This trial confirmed low-dose intravenous IS-5-MN 
as efficacious and safe for the treatment of patients with 
and without acute heart failure, in hemodynamic subsets 
I to IV, during acute myocardial infarction with signifi- 
cant symptomatic and hemodynamic effects and with no 


THE AMERICAN JOURNAL OF CARDIOLOGY JUNE 4, 1990 55J 





A SYMPOSIUM: ADVANCES IN NITRATE THERAPY (PART 2) 


appearance of nitrate tolerance over a period of 9.0 hours 
of continuous therapy. This efficacy seems to be partly 
prolonged over 3.0 to 4.0 hours because of IS-5-MN 
elimination half-life. Intravenous IS-5-MN, with its ben- 
eficial hemodynamic effects, stability of action and im- 
portant safety profile, is an important addition to the 
spectrum of nitrates indicated for the therapy of acute 
heart failure during acute myocardial infarction. 
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Introduction: Aldosterone and 
Spironolactone Revisited 


David P. Lauler, MD 


ver 3 decades ago, Jerome Conn (University of 

Michigan) presented his clinical research find- 

ings on a patient with hypertension and hypokale- 
mia. I doubt that few attending this presentation at a 
midwestern clinical research meeting appreciated the ex- 
traordinary drama unfolding. This was the original de- 
scription of what is now called Conn’s Syndrome, that is, 
primary aldosteronism due to an adrenal adenoma.! 
Conn’s insight and diligence in the application of the 
physiology of aldosterone to his patient’s problems pro- 
vided one of the most memorable clinical success stories. 
The year was 1955. At that same time, major centers, 
including those of Luetscher et al? and Muller et al,3 were 
expanding and delineating the knowledge of aldosterone, 
sodium and the genesis of edema disorders. It had been 
appreciated from the developing science of renal physiol- 
ogy that potent sodium-retaining hormones must be caus- 
ing the excess of sodium retention in edema disorders, 
such as congestive heart failure and cirrhosis with ascites. 
Other investigators such as Davis et al4 and Bartter> were 
quickly outlining control systems for the regulation of 
aldosterone secretion; clinicians such as Genest et al,® 
Biglieri et al,’ and Spark and Melby® began the precise 
delineation of the biochemical clinical features in patients 
with aldosterone excess. 

In retrospect, it was fortunate that a research pharma- 
ceutical chemist working in Skokie, Illinois, developed a 
specific competitive antagonist to aldosterone in 1957.9 
This meant that from almost the initial application of this 
new knowledge regarding aldosterone, clinicians had a 
therapeutic tool available whereby they could antagonize 
the actions of the hormone, thereby judging the role the 
hormone played in a given clinical disorder.!° The struc- 
tural formula for spironolactone bears a striking similar- 
ity to the hormone aldosterone (Fig. 1). Spironolactone is 
a specific competitive antagonist acting at the cellular 
level where it preempts aldosterone molecules from bind- 
ing with specific receptor sites, thereby diminishing the 
biologic activity of the aldosterone molecules. 


=a ae everemereseee 
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Aldosterone receptors are thought to be distributed 
throughout the body wherever sodium is transported— 
kidneys, intestines, myocardium, blood vessels, skin and 
the brain. The utilization of this specific antagonist of 
aldosterone in treating patients with primary aldostero- 
nism provided the crucial clinical experiment for the 
emerging role of aldosterone in hypertensive disorders. 

When spironolactone, in higher (400 mg/day) than 
customary doses, is administered to patients with primary 
aldosteronism due to an adrenal adenoma, it results in a 
remarkable normalization of blood pressure, normaliza- 
tion of blood potassium and magnesium levels, and a 
decrease in the urine wasting of potassium and magne- 
sium. That practicing physicians could control the bio- 
chemical abnormalities of aldosteronism, utilizing medi- 
cal rather than surgical therapy, was most astonishing, 
From such considerations, it became readily evident that 


a : 
David P. Lauler, MD 
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A SYMPOSIUM: ROLE OF ALDOSTERONE AND ALDOSTERONE ANTAGONISM IN CARDIOVASCULAR MEDICINE 


Aldosterone 


Spironolactone 


CH3 
O F ~ 


~SOCCH, 


FIGURE 1. The structural formula for spironolactone. 


the major role of aldosterone was to regulate extracellular 
fluid volume by enhancing tubular reabsorption of sodi- 
um in the distal nephron. 

Under conditions of excess aldosterone there is a char- 
acteristic urine wasting of potassium and magnesium and 
simultaneous hypokalemia and hypomagnesemia. With 
the advent of reliable measurements of renin and angio- 
tensin, it was appreciated that the renin-angiotensin sys- 
tem was the major control system for regulation of extra- 
cellular fluid volume via aldosterone. Equally important, 
parallel control systems for regulation of aldosterone in- 
volving adrenocorticotropic hormone and potassium were 
also identified. The importance of aldosterone in the over- 
all homeostasis of the body can be appreciated, since no 
less than 3 parallel control systems are continuously oper- 
ative. 

Although it has always been evident that excess aldo- 
sterone could cause sodium retention and edema disor- 
ders, the relation between aldosterone activity and blood 
pressure levels has not been as straightforward. It is 
known that patients with primary aldosteronism can have 
sustained hypertension, which is relieved either by the 
administration of the specific aldosterone antagonist spi- 
ronolactone, or which can be permanently relieved by the 
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removal of the adrenal aldosterone-producing tumor. It 
has been postulated that hypertension in such patients is 
due to an enhanced vascular reactivity to aldosterone, 
related in some manner to sodium/calcium coupling of 
vasoactivity. Spironolactone, characteristically, is a mild 
antihypertensive but is potentiated by any of the com- 
monly used diuretics. 

With the increasing popularity of spironolactone as 
the ultimate potassium-regulating therapeutic agent, 
newer potassium-retaining agents became available (tri- 
amterene and amiloride). However, these newer agents 
are not aldosterone antagonists but cause potassium re- 
tention by direct effect on the renal tubules independent 
of aldosterone levels. This can prove to have an unwanted 
effect as there may be a stepwise increase in potassium 
retention leading to hyperkalemia. In contrast, spirono- 
lactone requires the presence of aldosterone to exert its 
characteristic potassium-retaining action. In the absence 
of aldosterone, potassium is not retained, thus providing a 
safety buffer to minimize problems of excessive potassi- 
um retention. 

In the ensuing 3 decades since Conn’s original obser- 
vation, there has been explosive growth in the knowledge 
surrounding aldosterone and its application to specific 
clinical disorders. This particular journal supplement 
covers a wide array of therapeutic uses of spironolactone 
at widely ranging doses and in multiple combinations 
with other cardiovascular agents. The diversity of use of 
the aldosterone antagonist spironolactone is remarkable. 

Despite the advent of major new therapeutic classes 
such as the 8 blockers, calcium channel blockers, and 
converting enzyme inhibitors, a well-defined role for the 
use of spironolactone continues to exist. 
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PART I: PERIPHERAL ACTION OF ALDOSTERONE AND ALDOSTERONE ANTAGONISTS 


Editorial Overview 


Denis L. Clement, MD, PhD 


diuretic spironolactone has been known and used 
for many years, aspects of its mechanism of ac- 
tion are still being discovered. 

It has a large impact on hemodynamics, and there is a 
great deal of evidence to suggest that the antihypertensive 
activity of spironolactone is due, at least in part, to its 
vasodilator activity. For example, this effect is investi- 
gated in the article describing plethysmographic studies 
of the arterioles I performed with my colleagues. Lagrue 


A lthough the potassium- and magnesium-sparing 
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demonstrates this vasodilator action of spironolactone in 
terms of its effect on the arterial elasticity of middle-sized 
arteries. 

The mechanism of this vasodilation is investigated in 2 
other papers. One, by Mironneau, shows that spironolac- 
tone has calcium-channel antagonist effects, which may 
explain in part the potency of the drug. 

Schohn, looking at another aspect of spironolactone’s 
antihypertensive mechanism of action, namely, its effect 
on cardiovascular reactivity, found that the vascular ef- 
fect and the diuretic effect are quite distinct. 

Finally, a large-scale multicenter study using spirono- 
lactone in combination with a thiazide diuretic provides 
the proved effectiveness of a diuretic with one of the new 
classes of drugs in patients in whom combination therapy 
is beneficial. 
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Aldactazine/Captopril Combination, Safe and 
Effective in Mild to Moderate Systemic 
Hypertension: Report on a Multicenter 

Study of 967 Patients 


Dominique C. Schohn, MD, René Spiesser, MD,* Marie Wehrlen, MD, 
Bruno Pelletier, MD, and Michel-Hubert Capron, MD 


The safety and efficacy of a thiazide/potassium- 


sparing diuretic and an angiotensin-converting en- 
zyme inhibitor used concomitantly was evaluated in 
a large, multicenter study. Aldactazine® was ad- 
ministered alone for 2 months, after which time 
captopril was added in those whose blood pressure 
had not normalized (332 patients). At the end of 
the 6-month study, control of blood pressure was 
achieved in 88% of the patients with one or the 
other regimen. No clinically significant changes 
were recorded for a number of biologic parameters. 
Specifically, there was 1 case of hyperkalemia (6 
mmol/liter), a very low incidence of hypotension 
(1.6%), and a low rate of adverse effects. There- 
fore, such a combination could provide important 
therapeutic benefits in hypertensive patients. 

(Am J Cardiol 1990;65:4K-6K) 
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as first-line treatment of hypertension; however, 
such agents have been linked with cardiac ar- 
rhythmias caused by potassium and magnesium losses. 
Aldactazine®, a drug that combines spironolactone and 
altizide, effectively reduces blood pressure, while sparing 
both potassium and magnesium. Captopril, an angioten- 
sin-converting enzyme (ACE) inhibitor, is also effective 
in mild hypertension’ and increases potassium balance, 
which is inversely related to glomerular filtration (creati- 
nine clearance).? Because such agents are sometimes 
needed to supplement diuretics, the idea of a thiazide/ 
potassium-sparing agent combination and an ACE inhib- 
itor has raised some concern about the potential for hy- 
perkalemia and renal insufficiency.* In addition, there 
have been reports of hypotensive accidents with enalapril 
in patients previously treated with diuretics.° 
To evaluate the concomitant use of Aldactazine and 
an ACE inhibitor, we decided to conduct a large-scale 
study to determine both the efficacy and the safety of the 
Aldactazine/captopril combination. 


D iuretics, especially thiazides, are generally used 


METHODS 

Patients: The investigators in this multicenter study, 
which involved 967 patients, were 200 family practitio- 
ners, since they are usually the initial prescribers of anti- 
hypertensive therapy. 

The patients enrolled in the study had mild to moder- 
ate essential hypertension, either untreated or poorly con- 
trolled with previous therapeutic regimens. Blood pres- 
sure was measured in the supine position after 5 minutes’ 
rest. Mild to moderate hypertension was defined as dia- 
stolic blood pressure between 100 and 120 mm Hg (Table 
I). 

Therapy: After discontinuing any previous antihyper- 
tensive therapy, all patients were treated with 1 Aldacta- 
zine tablet (25 mg spironolactone, 15 mg altizide) daily 
for 2 months. The patients were not given a sodium- 
restricted diet. After 2 months, captopril (50 mg) was 
added to the regimen of those patients whose blood pres- 
sure had not normalized (diastolic blood pressure >95 
mm Hg). The study was then continued for another 4 
months. 

Study parameters: The patients were seen at 8 weeks 
(2 months), 9 weeks, and 3, 4 and 6 months. At these 





TABLE I Inclusion Criteria 


Diastolic 

Blood Serum 

Pressure Potassium Sodium Creatinine 
(mm Hg) (mmol/liter) (mmol/liter) («mol /liter) 


MorF 18-75 100-120 3.5-5 135-145 <130 


visits, weight, heart rate and blood pressure (standing and 
supine) were recorded. Other biologic parameters that 
were measured included urine protein, serum potassium, 
sodium, creatinine, cholesterol, uric acid and triglyceride 
levels. At the time of the 2-month visit, captopril was 
added to Aldactazine in those patients whose blood pres- 
sure was insufficiently controlled. 

Statistical analysis: We used the chi-square test for 
the qualitative parameters and the Student-Fisher test for 
the quantitative parameters. These were applied to the 
patient population data and the safety and efficacy pa- 
rameters. 


ALDACTAZINE AND ALDACTAZINE/ 
CAPTOPRIL ARE EFFECTIVE IN 
REDUCING BLOOD PRESSURE 

After 2 months of monotherapy with Aldactazine, 
blood pressure was normalized in 635 of the 967 patients. 
Captopril was added to the regimen in the remaining 332 
patients. The 2 population groups are not similar (Table 
IT). One group was normalized with monotherapy, while 
the other needed the adjuvant therapy. It is apparent 
from the table that the patients who needed captopril 
tended to be men with a higher body weight, who had 
been hypertensive for a longer period, and who had re- 
ceived previous antihypertensive therapy. 

Most patients’ blood pressure was normalized with 
Aldactazine: At 2 months, blood pressure was controlled 
in 66% of the patients (635 of 967). Mean reduction in 
blood pressure (supine) was 18 mm Hg systolic and 14 
mm Hg diastolic (Fig. 1). 

Aldactazine + captopril controlled blood pressure in 
almost 90% of the patients: Ater 4 months of treatment, 
the combination treatment normalized blood pressure in 
282 of the remaining 332 patients (84%). Systolic blood 
pressure (supine) was reduced by 22 mm Hg, and diastol- 
ic blood pressure by 19 mm Hg (Fig. 1). Overall, blood 
pressure was controlled in 88% (851 of 967) of the pa- 
tients in the study. 


RESULTS 

Both Aldactazine and Aldactazine + captopril safely 
reduced blood pressure: There were no clinically signifi- 
cant changes in biologic parameters (Table III). In the 
Aldactazine group, body weight and heart rate remained 
essentially the same. Serum potassium did not vary great- 
ly (slight reduction), and the increases in serum creati- 
nine and uric acid were slight. No significant changes in 
serum sodium, cholesterol or triglycerides were recorded. 

In the group treated with Aldactazine + captopril, 
body weight and heart rate were unchanged, as were 


TABLE Il Demographic Characteristics 


Group 2- 
Aldactazine 
+ Captopril 


Group 1- 
Aldactazine 


Patient 


Demographics Significance 


155/174 

(46.7% /52.4%) p=0.001 
58.1 + 11.2 p = 0.88 
76.8 + 14.6 p < 0.001 


Sex distribution* 
M/F 


232/401 
(36.5% /63.1%) 
Age (yr) 58.34 11.3 
Weight (kg) 72.6+ 13.1 
Family history of 251 
hypertension (39.5%) 

No previous 389 
antihypertensive (61.3%) 
therapy 

Duration of 
hypertension 
(yr) 


* Does not include 2 patients from group 1 and 3 from group 2. 


serum creatinine, sodium, uric acid, cholesterol and tri- 
glycerides. Serum potassium decreased slightly (Table 
ITT). 

One week after initiation of treatment, the difference 
between supine and standing systolic blood pressure was 
=20 mm Hg (risk of orthostatic hypotension) in 1.6% of 
the patients. 

Adverse effects were few and minor: Muscle cramps 
were reported by the patients in the Aldactazine group 
(1.6%). In the combination group, digestive disturbances 
(4.8%), dizziness (3%) and weakness (1.5%) were report- 
ed. 


p = 0.40 


(45.5%) p < 0.001 


3.3 + 4.4 5.0 + 4.9 p < 0.001 


CONCLUSIONS 

Aldactazine/captopril combination is both safe and 
effective: This study was conducted to evaluate whether a 
thiazide/potassium-sparing diuretic and an ACE inhibi- 


e— Aldactazine 
4—Aa Aldactazine + captopril 


m sd 
An = 332 
en = 635 


Systolic 


Blood pressure (mm Hg) 


Diastolic 


6 Time (months) 


FIGURE 1. Changes in supine blood pressure after treatment 
with Aldactazine alone or with Aldactazine + captopril. m + 
sd = mean + standard deviation. 
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TABLE Ill Biologic Parameters 


Parameter 


Weight (kg) 


Heart rate (beats /min) 
Serum potassium (mmol /liter) 
Serum sodium (mmol /liter) 


Serum creatinine (umol /liter) 


Status 


Before treatment 
After treatment 
Before treatment 
After treatment 
Before treatment 
After treatment 
Before treatment 
After treatment 
Before treatment 
After treatment 
Before treatment 


Aldactazine 
Group 


72.6+13.1 
71.4412.8 
7179 
76+8 
4.26+0.35 
4.18+0.37 
139.9 + 2.3 
139.5 + 3.0 
86 + 17 
88 + 16 
6.224.3 


Aldactazine 
+ Captopril 


76.84 14.6 
75.54 14.0 
80 + 10 
76+8 
4.30+0.37 
4.26 + 0.37 
140.0 + 2.5 
139.6 + 3.0 
90+ 17 
92415 
6.4 + 1.2 


Serum cholesterol (mmol/liter) 
After treatment 
Before treatment 
After treatment 
Before treatment 
After treatment 


Serum uric acid (umol/liter) 


Triglycerides (mmol/liter) 


6.14+1.2 6.2+1,1 
325+ 78 341 + 72 
336 + 76 342 + 72 
16+0.9 18+0.9 
16+0.7 1.7+0.7 


NS = not significant. 


tor could be safely used together in the treatment of mild 
to moderate hypertension. 

By the end of the study, blood pressure was well con- 
trolled in 88% of the patients. Specifically, the study 
showed that the danger for hyperkalemia was minimal. 
In addition, there was a very low rate of dizziness, which 
occurred early in the treatment phase. This combination 
proved to be safe in all other respects as well, with no 
clinically significant changes in important biologic pa- 
rameters, such as patients’ heart rate levels, creatinine, 
uric acid, cholesterol and triglyceride levels. 

Data from this study suggest that practicing physi- 


cians should consider adding an ACE inhibitor to a thia- 
zide/potassium-sparing diuretic combination, Aldacta- 
zine, to control hypertension. Not only will hypertension 
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likely be controlled in most cases, but there should be 
minimal perturbation of electrolytes, provided that the 
patients have no renal insufficiency and do not have dia- 
betes. 
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Calcium Channel Antagonist Effects of 
Spironolactone, an Aldosterone Antagonist 


Jean Mironneau, DSc 


The effect of spironolactone on the contractility of 


vascular smooth muscle cells and on calcium chan- 
nel currents of isolated cells was investigated using 
the patch-clamp method. Concentrations of 10 and 
60 uM of spironolactone resulted in 50 and 100% 
inhibition, respectively, of isometric contractions. 
Whereas fast calcium channel current was essen- 
tially unaffected by spironolactone, slow calcium 
channel current was inhibited 50% by 5 to 7 uM 
concentrations of the drug. These results suggest 
that spironolactone acts on slow calcium channels 
in a manner similar to that of calcium blockers. 
(Am J Cardiol 1990;65:7K-—8K) 
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inhibits the effects of aldosterone in a number of 

mammalian tissues,' and has diuretic and antihy- 
pertensive properties comparable with those of thiazide 
diuretics. This aldosterone antagonist reduces blood pres- 
sure without any significant effect on plasma concentra- 
tion of potassium ions. In addition, spironolactone has 
been found to have a positive inotropic effect and to 
increase amplitude and duration of the action potential in 
mammalian myocardial preparations. 

The goal of this study was to investigate potential 
calcium channel-blocking properties of spironolactone in 
vascular smooth muscle and, if such properties were dem- 
onstrated, to determine their mechanism of action. 


X pironolactone, a mineralocorticoid, competitively 


INHIBITION OF CALCIUM CURRENT 

The effects of spironolactone on isometric contrac- 
tions (in polarized and depolarized preparations) as well 
as on the calcium current in the calcium channels of 
isolated cells of vascular smooth muscles were studied. 
The experiments were performed on sections of rat portal 
veins. Contractile activity was measured in an experimen- 
tal chamber described previously.’ The cells, isolated by 
the method described by Loirand et al,’ were investigated 
using patch electrodes and the whole-cell clamp mode.° 
The solutions were prepared as described elsewhere.°® 

Fifty percent inhibition of isometric contractions of 
vascular smooth muscle was obtained with concentra- 
tions of 10 uM of spironolactone, 80 uM of hydrochloro- 
thiazide and 400 uM of chlorthalidone. Total (100%) 
inhibition of isometric contractions was achieved with 60 
uM of spironolactone (Table I). 

At concentrations of 60 uM, spironolactone had no 
effect on fast calcium channel currents. However, slow 
calcium channel current was blocked in a dose-dependent 
manner. Spironolactone concentrations between 5 and 10 
uM yielded 50% inhibition of slow calcium channel cur- 
rent.® 

The increase in intracellular calcium concentration 
was responsible for the activation of contraction in the 
smooth muscle preparations. It has been suggested that 
there are 2 sources of intracellular ionized calcium: (1) an 
intracellular storage site (the sarcoplasmic reticulum),’ 
and (2) an extracellular source through 2 types of volt- 
age-dependent calcium channels.* 


DISCUSSION 

Types of calcium channels: There are 2 types of calci- 
um channels, fast calcium channels, available at mem- 
brane potentials near —70 mV, and slow channels, at 
potentials near —40 mV. 
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TABLE I Inhibition of Vascular Contractility by 
Spironolactone, Hydrochlorothiazide and Chlorthalidone 


ICso(um) 


Spironolactone 
Hydrochlorothiazide 
Chlorthalidone 


ICsq and ICioo are the concentrations producing half-maximal and complete inhibi- 
tion. 


The following conclusions may be drawn from the 
experiments noted before: (1) A 10 uM concentration of 
spironolactone produces a 50% inhibition of slow calcium 
channels. This concentration also inhibits muscular con- 
tractility by 50%. This is evidence that spironolactone has 
an effect on calcium channels. (2) The influx of calcium 
through the fast calcium channels was not significantly 
affected by spironolactone. This suggests that spironolac- 
tone acts only on the slow calcium channels. 

Configurations of calcium channels: Calcium chan- 
nels have 3 different configurations depending on the 
membrane potential (Fig. 1). (1) A “resting” state (R), 
with no calcium current (resting potential = —60 mV); 
(2) an “open” state (O), with an influx of calcium from 
outside the cell; and (3) an “inactivated” state (1), with no 
calcium current, but in which the configuration of the 
channels is different from their resting configuration. 

The transition from R to O is called activation phase 
(<1 ms). The transition from O to I is called inactivation 
phase (210 ms), and the transition from I to R is called 
recuperation phase (21 second) (Fig. 2). 

Mechanism of spironolactone inhibition: When di- 
phydropyridine derivatives are tested for their ability to 
block calcium channels, their effects are observed to de- 
pend on depolarized holding potentials rather than on the 
frequency or number of stimuli used to promote the calci- 
um channel opening. Accordingly, we have studied 
whether the action of spironolactone depends on the num- 


outside 
membrane 


inside 


FIGURE 1. Configurations of calcium channels depending on 
the membrane potential. 


8K THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


Ta 
recovery 
>is 


Ti 
activation 
<1 ms 


inactivation 
> 10 ms 


FIGURE 2. Calcium channels: Transitions from resting to open 
and inactivated state are regulated by the time constants at a 
given membrane potential. s = second. 


ber of command pulses applied (use-dependence) or on 
depolarized holding potentials (voltage-dependence). 
These results indicate that spironolactone binds to all 
states of the slow calcium channels with a similar affin- 


ity. 

Molecular effects: Spironolactone partially antago- 
nizes the specific binding of 2 calcium channel blockers, 
(+)PH]-isradipine and (—)[PH]desmethoxyverapamil, 
to vascular membranes. The ICs5ọ values found in binding 
experiments are similar to the ICso value for half-maxi- 
mal inhibition of slow calcium channel current. 


CONCLUSIONS 

These results show that only spironolactone, at con- 
centrations of 10 and 60 uM, was able to inhibit the slow 
calcium channels of smooth muscle cell membranes, Al- 
though spironolactone’s effect on calcium channels ap- 
pears to be different from that of calcium channel 
blockers, it may have a complementary effect. 
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Peripheral Action of Spironolactone: 
Improvement in Arterial Elasticity 


Gilbert Lagrue, MD, Jean-Claude Ansquer, MD, and André Meyer-Heine, MD 


Arterial elasticity, which can be assessed by means 


of a piezogram, is thought to be involved in the de- 
velopment of hypertension. In hypertensive patients 
(and with aging in normal subjects), arterial elastic- 
ity is reduced. Long-term administration of spiro- 
nolactone, 6 blockers, or a 6-blocker/dihydralazine 
combination to hypertensive patients sufficiently 
reduced systolic and diastolic blood pressure to 
about the same extent; however, only spironolac- 
tone had any effect on piezoelectric indexes of arte- 
rial elasticity. 

(Am J Cardiol 1990;65:9K-11K) 
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been attributed to arterial elasticity in the develop- 

ment of hypertension. Arterial elasticity (or distensi- 
bility) can be assessed by the velocity of the pressure 
wave along the arterial wall, which increases as elasticity 
decreases. This velocity can be calculated directly by 
measuring the amount of time for the wave to travel 
(transmission) between 2 points in the arterial system, 
e.g., from the carotid artery to the pedal artery or the 
carotid artery to the radial artery. This velocity is in- 
creased in hypertensive subjects, and it gradually in- 
creases with age, as a sign of arterial aging (Fig. 1, Ta- 
ble I).!-> 


I: recent years, an increasingly important role has 


MEASURING ARTERIAL ELASTICITY 

The carotid piezogram records waveforms of (arteri- 
al) blood pressure obtained noninvasively by means of a 
piezoelectric pressure gauge that translates pressure vari- 
ations into variations of electric potential. 

The curve is recorded on an oscilloscope, with a spot 
sectioned at 1/100th of a second. The waveform is the 
result of the intersection of 2 fundamental waves: the 
primary wave of ventricular pressure and a reflection 
wave (dicrotic wave). The peak of the curve corresponds 
to the systolic blood pressure and the trough corresponds 
to the diastolic blood pressure (Fig. 2). Also, the curve is 
characterized by various factors that regulate blood pres- 
sure, especially cardiac output (ventricular pressure) and 
peripheral resistance, of which arterial elasticity is a com- 
ponent.?:4 

Velocity can also be determined indirectly by measur- 
ing the duration of the crest of the dicrotic wave, which is 
closely correlated with the transmission time (r = 0.75; 
p <0.001). As arterial elasticity decreases, the velocity of 
the dicrotic wave increases, and the dicrotic wave appears 
sooner. The shorter the dicrotic wave, the greater the 
reduction in arterial elasticity.!+ In healthy subjects, the 
dicrotic wave shortens with age (Table II). In chronic 
hypertension, the systolic slope (AB) is increased and the 
dicrotic wave is shortened (Fig. 2). 

We systematically studied variations in carotid piezo- 
gram values in hypertensive patients receiving long- 
term treatment with spironolactone (n = 33), 8 blockers 
(n = 35), and a combination 8-blocker /dihydralazine 
(n = 19) (Table III). The piezogram and blood pressure 
values before and after treatment (>1 year) were com- 
pared. The decreases in systolic and diastolic blood pres- 
sure were similar for the 3 treatment groups (Table IV), 
although it was more marked with spironolactone and 
the 6-blocker/dihydralazine combination than with 8 
blockers alone. 
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A SYMPOSIUM: ROLE OF ADLOSTERONE AND ALDOSTERONE ANTAGONISM IN CARDIOVASCULAR MEDICINE 


Age: 40 years 
BP: 180/110 mm Hg 
DW: 30 ms 


Age: 30 years 
BP: 130/80 mm Hg 
DW: 140 ms 


FIGURE 1. Carotid piezogram of a young healthy adult and an 
older hypertensive patient. AB = systolic slope; BP = blood 
pressure; DW = dicrotic wave. 


Primary wave 


Reflection wave 


Cardiac cycle 


FIGURE 2. Carotid piezogram of a healthy young adult. AB = 
systolic slope; DBP = diastolic blood pressure; I I’ = duration of 
dicrotic wave; SBP = systolic blood pressure. 


However, the piezogram values were very different. 
With spironolactone, the dicrotic wave was significantly 
lengthened, indicating an improvement in arterial elastic- 
ity. This improvement was confirmed by an increase in 
the systolic slope. These changes were not found with 
either the 8 blockers (dicrotic wave moderately short- 
ened) or with the 6-blocker/dihydralazine combination 
(dicrotic wave and systolic slope unchanged) (Fig. 3 and 
4, Table IV). 


CONCLUSIONS 

It is clear, therefore, that these different agents reduce 
blood pressure by different mechanisms. As seen here, 
spironolactone improves arterial elasticity, possibly by 
changing reactivity to pressor substances, which are 
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Before S 

BP = 200/120 mm Hg 
DW = 40 ms 

AB = 40 ms 


After S (2yr/100 mg/d) 
BP = 140/80 mm Hg 
DW = 100 ms 

AB = 90 ms 


FIGURE 3. Carotid piezogram of a hypertensive patient before 
treatment and after 2 years of treatment with spironolac- 
tone(s). Abbreviations as in Figure 1. 


TABLE I Changes in Piezogram Parameters with Increasing 
Age 


Transmission Pressure Wave 
Time (ms) Velocity (ms) 


210 
170 
154-162 
130 
110 


TABLE Il Age-induced Changes in Crest of Dicrotic Wave 
(Carotid Piezogram) 


Age Crest of Dicrotic 
(yr) Wave (ms) 


137 + 41 
87 +21 
50 + 29 


TABLE III Demographic Parameters of the Three Patient 
Groups 


Spironolactone group, 100-200 mg/day (n = 33) 
Mean age 46 years (21—64) 
Men/women 23/10 
Mean duration of treatment 44 months (6-72) 
Duration of hypertension 6.5 years (1-18) 
Serum creatinine 9-13 mg/liter 
8-blocker group (n = 35) 
Mean age 
8-blocker + dihydralazine group (n = 19) 
Mean age 
Chronic hypertension 


e 


Before B-b 

BP = 180/110 mm Hg 
DW = 60 ms 

AB = 50 ms 


38 years (16-56) 


46 years (30-61) 
>150/90 (atrest) 


After B-b (1 yr) 

BP = 140/80 mm Hg 
DW = 50 ms 

AB = 40 ms 


FIGURE 4. Carotid piezogram of a hypertensive patient before 
treatment and after 1 year of treatment with a 8 blocker (B-58). 
Abbreviations as in Figure 1. 





TABLE IV Effect of Long-Term Administration of Spironolactone, 8 Blockers, or 8 Blocker + Dihydralazine on Blood Pressure and 
Carotid Piezogram Indexes of Arterial Elasticity (Dicrotic Wave and Systolic Slope) 


Systolic BP 


Spironolactone 
Before 
After 
8 blocker 
Before 
After 
8 blocker + dihydralazine 
Before 
After 


* p <0.001; ' p <0.01. 
AB = systolic slope; BP = blood pressure. 


178 + 28 
140 + 15* 


164+ 21 
149 + 23t 


171+ 20 
144 + 20! 


known to play an important role in vascular distensibility. 
This favorable vascular effect could also be due to alter- 
ation of transmembrane sodium transport found with 
spironolactone. 
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Diastolic BP 


100+ 15 


Dicrotic Wave 
(ms) 


AB Duration 
(ms) 


41.2 + 29.6 
54.2 + 341 


44415 


80 + 8* 60 + 16* 


96 +12 
87 + 14" 


61+ 34 
51 + 34 


5441 
57 +19 


97415 
82+ 11* 


DL AEN 
51+19 


54 + 22 
93+ 18 
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Peripheral Action of Spironolactone: 
Plethysmographic Studies 


Denis L. Clement, MD, PhD 


The relation between vasodilation and the blood 


pressure—reducing action of spironolactone was 
studied in a randomized, placebo-controlled, dou- 
ble-blind, crossover study using 9 patients with es- 
sential hypertension. Vasodilation was studied by 
measuring blood flow in finger and calf (represen- 
tative of skin and muscle circulation) by an electro- 
cardiographic-triggered venous-occlusion plethys- 
mograph. Treatment with spironolactone (100 mg 
twice daily for 4 weeks) produced significant de- 
creases in systolic and diastolic blood pressure 
without significantly affecting heart rate. Blood 
flow through finger and calf increased, sometimes 
markedly, in 6 of the 9 patients, while vascular re- 
sistance decreased. This study confirms that the 
antihypertensive action of spironolactone is associ- 
ated with vasodilation in many patients. 

(Am J Cardiol 1990;65:12K-13K) 
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lthough spironolactone has been used for many 
Av to treat hypertension, little is known about 

its hemodynamic action. Some investigators have 
shown that the antihypertensive effect of spironolactone 
is caused by dilation of the resistance vessels.' Other 
investigators report that spironolactone’s hypotensive ac- 
tion results from a decrease in cardiac output or total 
peripheral resistance, or both.2 In these studies, however, 
the vascular effect was determined indirectly by calculat- 
ing total peripheral vascular resistance (blood pressure 
divided by cardiac output). Because blood vessels do not 
always respond in the same fashion,’* we decided to 
investigate the peripheral hemodynamic effect of spiro- 
nolactone by direct measurement of blood flow. 


METHODS 

Study design: This study was an 8-week, double- 
blind, crossover comparison, involving 9 patients with 
moderate hypertension serving as their own controls. 
Four weeks before the beginning of the study, placebo 
was substituted for the antihypertensive drug. The drugs 
were placebo and spironolactone (100 mg given twice 
daily). 

Baseline tests: Physical examination, including aus- 
cultation of renal arteries and palpation of femoral arter- 
ies, yielded no abnormal findings in any of the patients. In 
addition, the results of renal function tests and measure- 
ments of plasma sodium, potassium and 24-hour urine 
catecholamines were all within normal limits. Electrocar- 
diographic and chest x-ray results were normal as well. 
Retinal changes observed were consistent with group 1 or 
2 hypertension (Keith-Wagener-Barker classification). 

Study tests: Blood pressure and heart rate (supine, 
sitting and standing) were determined. Blood flow in the 
finger and calf (representative of skin and muscle circula- 
tion)* was measured over a 70-minute period by an elec- 
trocardiographic-triggered venous-occlusion plethysmo- 
graph (Periflow,® Janssen), with simultaneous measure- 
ment of changes in volume by mercury-filled tubes placed 
around the calf and finger. 


RESULTS 

Blood pressure and heart rate: Compared with place- 
bo, spironolactone significantly reduced blood pressure in 
patients in the supine, sitting and standing positions (Fig. 
1).5 After treatment with spironolactone, heart rates in 
the sitting and standing positions were slightly, but not 
significantly, increased (85 + 4 vs 82 + 4 beats/min with 
placebo, and 90 + 5 vs 83 + 4 beats/min with spironolac- 
tone, respectively). 





TABLE I Effect of Placebo and Spironolactone on Blood Flow and Vascular Resistance 


Blood Flow (vol % /min) 


OOMONDAOBRWDY & 


Vascular Resistance (U/min) 


eee ng ey ES 
Finger Calf 


13.119 
20.020 
32.760 
35.217 
20.380 
28.100 
42.953 
30.802 
14.504 


26.428 


12.760 
16.735 
9.451 
4.391 
36.895 
6.228 
19.938 
14.579 
14.782 


15.084 


4.199 
3.324 
3.342 
5.133 
10.530 
7.660 
7.034 
7.984 
38.783 


9.777 


P = placebo; S = spironolactone. 


Supine Sitting Standing 


Systolic Systolic Systolic 


P<0.05 P<0.05 
| 


P<0.02 


P<0.05 P<0.05 


Diastolic Diastolic Diastolic 


[Placebo W Spironolactone 


FIGURE 1. Effect of placebo and spironolactone (100 mg/day 
twice daily) on blood pressure in 9 hypertensive patients. Av- 
erage decrease in blood pressure: supine—27 + 9 mm Hg 
systolic and 10 + 5 mm Hg diastolic (p <0.05); sitting—27 + 
4 mm Hg systolic (p <0.001) and 11 + 4 mm Hg diastolic (p 
<0.02); standing—36 + 6 mm Hg systolic (p <0.001) and 17 
+ 4mm Hg diastolic (p <0.005). (Adapted from Eur J Clin 
Pharmacol.*) 


Blood flow (finger and calf vessels): In most cases, 
spironolactone induced vasodilation, i.e., blood flow in the 
finger and calf increased in 6 of 9 patients (Table I). This 
increase was quite large in some instances (up to 225% for 
calf flow). Conversely, vascular resistance decreased (up 
to 80%) in most patients, although 3 patients experienced 
an increase. 

Adverse reactions: Two patients reported gastroin- 
testinal disturbances, which resolved spontaneously. In 1 
patient who complained of dizziness, the dosage was re- 


duced to 100 mg/day for 1 week. The 100-mg dosage 
twice daily was resumed the following week. 


DISCUSSION 

As expected, treatment with spironolactone produced 
a significant decrease in the systolic and diastolic blood 
pressures. As shown by the decrease in vascular resis- 
tance and the increase in blood flow in the finger and calf 
in 6 of 9 patients, the blood pressure-reducing effect of 
spironolactone is accompanied by vasodilation. However, 
as noted by previous investigators,” other mechanisms 
are involved in the reduction of blood pressure, since 
vascular resistance was either unchanged or increased in 
3 patients whose resistance was comparable to that of the 
other patients during the control period. The antihyper- 
tensive effect observed in these patients may possibly be 
attributed to a decrease in cardiac output or to dilation of 
vessels other than those studied here; however, because 
vasodilation was so marked in 6 patients, the evidence 
strongly suggests that it is directly linked to a decrease in 
blood pressure. 
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Effects of a Potassium-Sparing/Thiazide Diuretic 
Combination on Cardiovascular Reactivity to 
Vasopressor Agents 


Dominique C. Schohn, MD, and Henri A. Jahn, MD 


De SS eS eh Se eee ee 
The vascular effects of a diuretic combination (spi- 


ronolactone/altizide) were studied in 5 anuric pa- 
tients undergoing dialysis by measuring changes in 
cardiovascular reactivity to norepinephrine (NE) 
and angiotensin Il (All) after infusion of incremen- 
tal doses of these 2 vasopressor agents. There was 
a marked dose-response relation between NE and 
All administration and mean (NE) or diastolic (All) 
blood pressure (BP). Diuretic treatment moderated 
the increase in mean or diastolic BP induced by NE 
or All. In addition, the pressor doses of NE and All, 
which are also parameters of vascular reactivity, 
were significantly increased after diuretic treat- 
ment (NE, +101%; All, +163%). Right atrial and 
pulmonary capillary wedge pressures increased 
along with BP in response to NE. Diuretic treat- 
ment also moderated the increase in right atrial and 
pulmonary capillary wedge pressures induced by 
NE. These results suggest that the antihypertensive 
action of spironolactone and altizide in combination 
is mainly due to a direct effect on resistance and 
capacitance vessels. The mechanisms by which 
diuretics modify the cardioreactivity remain poorly 
understood; however, they may modify electrolyte 
transport (sodium and calcium) across vascular 
smooth muscle cell membranes or stimulate pos- 
taglandin release. 

(Am J Cardiol 1990;65:14K-17K) 
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sive agents, diuretics by and large have remained 

the therapy of first choice for the treatment of 
hypertension.! They have been used for more than 25 
years and have proved to be effective in almost all forms 
of hypertension, whether used alone or in combination 
with other types of antihypertensives. However, how they 
exert their action has not been completely elucidated, 
especially as diuretics reduce blood pressure (BP) by way 
of a variety of mechanisms. A number of studies have 
shown that the antihypertensive effect of diuretics is not 
only a consequence of a negative water and sodium bal- 
ance, but also the result of an unrelated vascular effect.’ 
Whereas the diuretic effect is not apparent until fairly 
high doses are reached, the vascular effect is evident at 
low doses.? All diuretics, whether loop, thiazide or potas- 
sium sparing, have been shown to have specific vascular 
effects.4-6 In a previous study, we demonstrated that the 
specific vascular effects of diuretics are mainly induced 
by changes in cardiovascular reactivity to norepinephrine 
(NE) and to angiotensin II (AII).4 We conducted this 
study to explore the specific vascular effects of a combi- 
nation diuretic consisting of a potassium-sparing diuretic 
(spironolactone) and a thiazide diuretic (altizide). To 
avoid the renal effects of the drug (from the potential 
effect of a negative sodium and water balance), the study 
was conducted in patients who undergo chronic hemodi- 
alysis. 


D espite the advent of new classes of antihyperten- 


METHODS 

Five oliguric patients (4 men and 1 woman, mean age 
53 + 13 years), undergoing chronic hemodialysis on a 
regular hemodialysis program for at least 6 months, were 
studied. All were volunteers and all gave informed con- 
sent before the study. None of these patients presented 
with cardiac disease or diabetes, and the predialysis kale- 
mia of these subjects was always within the normal range. 
No patient was receiving cardiovascular therapy at the 
time of this study, and all submitted to the same regular 
hemodialysis program 3 times a week. 

The patients were examined twice (each time before 
hemodialysis), before and after 3 days of treatment with 
Aldactazine®, the combination diuretic (spironolactone 
[25 mg] and altizide [15 mg]) given orally as 1 tablet per 
day. 

The examinations included (1) monitoring of all he- 
modynamic parameters: measurement of the right atrial, 
pulmonary arterial and capillary wedge pressures (RAP, 
PAP, PCWP, respectively) by a Swan-Ganz catheter; 





Spironolactone + altizide 
è before 
m after 
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m + SE 
**p < .01 
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FIGURE 1. Dose-response relation between infused norepi- 
nephrine (NE) and changes in mean blood pressure (BP) be- 
fore and after a short-term course of diuretics (3 days, spiro- 
nolactone + altizide) in patients undergoing chronic dialysis. M 
+ SE = mean + standard error of the mean. 


measurement of the cardiac index (thermodilution, in 
triplicate), of the arterial pressure by cuff manometer, 
and of the heart rate; calculation of the systemic vascular 
resistances and of stroke index’ (the catheter was in- 
dwelled 30 minutes before the measurements were tak- 
en); (2) study of the cardiovascular reactivity to infusion 
of incremental doses of NE (20, 40 and 100 ng/kg/min) 
and to infusion of incremental doses of AII (2, 4 and 10 
ng/kg/min), performed according to our standard and 
procedure described elsewhere. In addition to the 
changes in the arterial pressure induced by the infusion at 
the increasing stepwise doses of NE and AII, we recorded 
the variations of RAP and PCWP to analyze simulta- 


TABLE I Effects of a Short-Term Course of Diuretics (3 Days, 
Spironolactone + Altizide) on Cardiovascular Reactivity to 
Infused NE and AII in Patients Undergoing Chronic Dialysis 


Spironolactone + Altizide 
(mean + SD) 


Before After 


No. of pts. 5 5 


Norepinephrine Infusion 


Preinfusion plasma NE (ng/dl) 45.2 + 17.1 43.1 +4 15.3 
Pressor dose (ng/kg/min) 213+ 58 428 + 67t 

Threshold dose (ng/kg /min) 22.4 + 4.6 28.3 + 3.1* 
Slope of the curve 20.8 + 4.1 16.1 + 2.7* 


Angiotensin II Infusion 


Preinfusion PRA (ng/ml /hour) 6.3 + 1.8 6.1 +42.3 

Preinfusion plasma All (ng/dl) 22.64 11 24.3 47.1 

Pressor dose (ng/kg/min) 22.4 +43.6 59.1 + 4.4* 

Threshold dose (ng/kg/min) 2.1+0.4 2.940.7 

Slope of the curve 21.14+3.4 13.2+3.1* 
Student t test, * p <0.05, t p <0.01. 


All = angiotensin Il; NE = norepinephrine; PRA = plasma renin activity; SD = 
standard deviation. 
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FIGURE 2. Dose-response relation between infused angioten- 
sin Il (All) and changes in diastolic blood pressure (BP) before 
and after a short-term course of diuretics (3 days, spironolac- 
tone + altizide) in patients undergoing chronic dialysis. M + 
SE = mean + standard error of the mean. 


neously the responsiveness of the venous capacitance and 
pulmonary vascular system;* and (3) the determination 
of serum chemistry parameters (creatinine, sodium, po- 
tassium, calcium, bicarbonate, chloride) and of the plas- 
ma levels of NE, renin activity and AII.’ 

Statistical analysis included paired and unpaired (2- 
tailed) Student ¢ test, regression analysis and analysis of 
variance. The results are expressed as mean + standard 
deviation or + standard error of the mean. Because natu- 
ral logarithmic transformation rather than absolute val- 
ues followed Gaussian distribution for statistical analysis, 
we used the natural logarithmic transformation of NE 
and AII levels and dose of infused NE or AII. 


TABLE fl Hemodynamic Parameters Before and After a 
Short-Term Course of Diuretics (3 Days, Spironolactone + 
Altizide) in Patients Undergoing Chronic Dialysis 


Spironolactone + Altizide 
(mean + SD) 


Before After 


No. of pts. 5 5 


Body weight (kg) 68.149 68.5 + 12 
BP (mm Hg) 

systolic 166 + 13 161 4 10 

diastolic 97 47 90 + 7* 
Heart rate (beats /min) 72+4 78+4 
RAP (mm Hg) 542 4+ 2* 
PAP (mm Hg) 2443 2245 
PCWP (mm Hg) 144 13 + 6* 
Cardiac index (liters /min /m?) 3.82+0.63 3.73 +0.47 
SVR (dynes s cm~°) 1,388 + 217 1,317 + 194 

* Student t test, p <0.05. 

BP = blood pressure; PAP = pulmonary artery pressure; PCWP = pulmonary 


capillary wedge pressure; RAP = right atrial pressure; SD = standard deviation: SVR = 
systemic vascular resistance. 


*Low-pressure system. 
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A SYMPOSIUM: ROLE OF ALDOSTERONE AND ALDOSTERONE ANTAGONISM IN CARDIOVASCULAR MEDICINE 
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FIGURE 3. Dose-response relation between infused norepi- 
nephrine (NE) and changes in mean right atrial pressure 
(RAP) and mean pulmonary capillary wedge pressure (PCWP) 
before and after a short-term course of diuretics (3 days, spi- 
ronolactone + altizide) in patients undergoing chronic dialysis. 
M + SE = mean + standard error of the mean. 


RESULTS 

Figures 1 and 2 show vascular reactivity to NE and 
AII. There was a marked dose-response relation between 
the vasopressor agents and mean (NE) or diastolic (AI) 
arterial BP. Short-term treatment with the diuretic com- 
bination significantly decreased reactivity of the high- 
pressure system* to the NE and AII infusions, as evi- 
denced by the decrease in the slope of the curves (Table 
I). Compared with baseline, the diuretic combination 
moderated the increase in mean (NE) or diastolic (AI) 
BP induced by NE or AII. The pressor doses of NE and 
AII, which are also parameters of vascular reactivity, 
were significantly increased after diuretic treatment 
(+101% for NE, p <0.01; +163% for All, p <0.05). 
Heart rate decreased in response to the NE-induced in- 
crease in mean BP; after treatment with the combination 
diuretic, heart rate decrease induced by the increase in 
mean BP after NE infusion, was less marked (—7 +3 
beats/min baseline vs —11 +3 beats/min after treat- 
ment, p <0.05). 

Short-term treatment with Aldactazine in patients 
undergoing chronic hemodialysis modifies the hemody- 
namic parameters only slightly. 

The arterial pressure decreases after treatment with 
Aldactazine; however, the decrease reaches statistical sig- 
nificance only for the diastolic arterial pressure (—7%, 
p <0.05, Table II). The mean arterial pressure decreased 
by 7%. All the pressures of the low-pressure system, RAP, 


*Arteriole-arterial system (resistance system). 
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TABLE Ill Effects of a Short-Term Course of Diuretics (3 
Days, Spironolactone + Altizide) on Clinical Laboratory Values 
in Patients Undergoing Chronic Dialysis 


Spironolactone + Altizide 
(mean + SD) 


Before After 


No. of pts. 5 5 
13.6+1./ 13.54+2.1 
137+6 138+4 
47+0.3 49+0.6 
103 +6 104+5 
19+4 2043 
9346 95485 


Plasma creatinine (mg/dl) 
Sodium (mEq /liter) 
Potassium (mEq /liter) 
Chloride (mEq /liter) 
Bicarbonate ion (mEq /liter) 
Calcium (mg/liter) 


SD = standard deviation. 


PAP and PWP, tended to decrease after Aldactazine 
without reaching statistical significance. The cardiac in- 
dex decreased only slightly, despite the decrease of the 
stroke index, by an increase in heart rate, suggesting 
compensation by the baroreflex arc. 

The decrease in arterial pressure is obtained by the 
decrease of the systemic vascular resistance and by the 
absence of a compensatory modification of the cardiac 
index. 

Body weight is not significantly different between the 
treatment periods. 

In response to NE infusion, RAP and PCWP in- 
creased along with arterial BP. After diuretic treatment, 
there was a significant decrease of the slope of the relation 
between RAP and PCWP and the infused NE and AII 
dose (Fig. 3). 

Short-term treatment with spironolactone/altizide 
had no effect on preinfusion plasma levels of NE, AII, 
plasma renin activity, or on any clinical chemistry value 
(Table III). 


DISCUSSION 

This study was performed in patients undergoing 
chronic dialysis to demonstrate the specific vascular ef- 
fects of 2 diuretics used in combination (spironolactone + 
altizide) and to avoid any possible effect of a negative 
sodium and water balance on the vascular system. We 
demonstrated the validity of this technique in a previous 
study of the nonrenal vascular effects of loop diuretics.’ 

Although the spironolactone dose was very low (25 
mg), serum potassium was carefully monitored through- 
out the study and did not appreciably vary during the 
study (Table III). 

Short-term treatment with this diuretic combination 
induced only slight changes in hemodynamic parameters. 
However, there was a significant decrease in diastolic BP, 
mainly due to a decrease in systemic vascular resistance 
that was not compensated for by the cardiac index. It can 
be assumed that the slight decrease in the cardiac index is 
a consequence of the reduced right atrial and pulmonary 
capillary pressures. 

Cardiovascular response to infusion of NE and AII is 
an accurate measurement of the specific vascular effects 
of diuretics. The factors influencing cardiovascular reac- 





tivity to these vasopressor agents are well known. These 
include changes both in water/electrolyte balance and in 
preinfusion plasma levels of these agents, and drugs. In 
this study, the preinfusion plasma levels of NE, renin 
activity and AII were all unchanged after diuretic treat- 
ment, compared with baseline. Body weight and plasma 
electrolytes were also virtually the same. Therefore, the 
changes in cardiovascular reactivity to NE and AII have 
to be a result of the specific effects of the diuretic combi- 
nation on the cardiovascular system. The combination of 
spironolactone and altizide decreased vascular reactivity 
of both the low- and high-pressure system, which suggests 
that this diuretic combination, as has been found with 
loop diuretics, may increase venous and arterial compli- 
ance.>-® 

In vitro studies in many different isolated tissues have 
shown that thiazide diuretics and spironolactone have 
specific vasorelaxant effects.>-? In vivo studies in humans 
have shown that the antihypertensive effect of spironolac- 
tone is largely associated with vasodilation.®-!° These 
studies demonstrated that the vasodilator mechanism is a 
decreased responsiveness to exogenous stimuli, such as 
NE.°!° However, most of these investigations have ex- 
plored only the reactivity vs the autonomic nervous sys- 
tem and not vs the renin-angiotensin system. 

The mechanisms by which diuretics, including thia- 
zides and spironolactone, affect the vascular reactivity of 
both the resistance and the capacitance vessels are still 
poorly understood. There is, however, some evidence that 
these agents, particularly spironolactone, may affect elec- 
trolyte transport (particularly sodium and calcium 
ions)'' across vascular smooth muscle cell membranes. 


The possible role of prostaglandins has also been postu- 
lated. !? 

The results of our study suggest that the antihyperten- 
sive effect of spironolactone/altizide is mainly due to its 
direct action on resistance and capacitance vessels. 
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PART 2: ANTIHYPERTENSIVE ACTION OF SPIRONOLACTONE AND THE COMBINATION OF 


SPIRONOLACTONE AND ALTIZIDE 


Editorial Overview: European Experience with 
Spironolactone and Thiazide Diuretic as 
Antihypertensive Therapy 


David P. Lauler, MD 


tion therapy with spironolactone and a diuretic 

offers additive benefits in the treatment of patients 
with edema disorders or in patients with hypertension. 
Spironolactone exerts its unique and competitive antago- 
nism of aldosterone at receptor sites in the distal tubule, 
causing a mild natriuresis while conserving potassium 
and magnesium. Thiazide-type diuretics act at a different 
site in the distal tubule—a cortical diluting segment— 
and thereby potentiate the natriuretic action of spirono- 
lactone. 

When used as a combination product, spironolactone 
generally minimizes the potassium and magnesium loss 
often seen with the use of thiazide diuretics as monother- 
apy in the treatment of patients with hypertension. Be- 
cause fixed combinations of hypertensive products have 
not met with favor in this country, recommendations are 
usually made that such fixed combinations not be used 
for initial antihypertensive therapy; rather, the general 
advice is to titrate the individual components and switch 
to the appropriate combination dose after titration of the 
individual components. 

In practice, this generally complicates the practice 
habits of the prescribing physician and also requires pa- 
tients to take additional doses of medications during the 
titration phase, thus increasing the possibility of noncom- 
pliance by the patients. 

Our European colleagues, particularly in France and 
Belgium, widely prescribe the combination product (Al- 
dactazine®) of spironolactone and a thiazide diuretic (Al- 
tazide). This series of short clinical reports documents 
their favorable experience using such a fixed-dose combi- 
nation as antihypertensive therapy. Dueymes reports on 
an open, randomized, multicenter trial involving 946 pa- 
tients treated with 1 or 2 tablets daily of the combination 
product containing spironolactone, 25 mg, and altizide, 
15 mg. At the end of the 90-day follow-up period, 80% of 
the hypertensive patients were successfully controlled 
with a minimum of major adverse reactions. These find- 
ings are further extended by the observations of Sternon, 
who reports on an ambulatory, multicenter study involv- 


Fi many yearsit has been appreciated that combina- 
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ing 780 patients placed into 2 study groups. The first 
group received spironolactone and altizide, 2 tablets dai- 
ly, while the second group received the same combination 
spironolactone agent plus an additional antihypertensive 
agent (8 blocker, alphamethyldopa or clonidine). Blood 
pressure reduction reached favorable levels in the first 
group (treated with the aldactone and altizide combina- 
tion). More normal levels were reached in the second 
group, with the addition of the other antihypertensive 
agents, especially clonidine. 

The nephrologists from Hôpital Necker in Paris, led 
by Griinfeld, discussed the fixed-dose combination form 
of spironolactone and altizide used as an antihypertensive 
agent compared with the antihypertensive action of the 
converting-enzyme inhibitor enalapril, in a randomized, 
double-blind, parallel-group study of 186 patients with 
moderate essential hypertension. These clinical investiga- 
tors noted that both agents had comparable efficacy re- 
garding blood pressure-reducing properties; they also 
noted that the converting enzyme inhibitor seemed to 
have more favorable antihypertensive action in patients 
younger than age 50 years, whereas spironolactone/alti- 
zide exhibited a greater benefit in patients older than 50. 

Poncelet et al reported on a multicenter study of 53 
patients, using ambulatory blood pressure-monitoring 
techniques comparing the antihypertensive action of spi- 
ronolactone/altizide when used alone vs the addition of 
either enalapril or the 6 blocker acebutolol for patients 
requiring additional therapy. They reported that blood 
pressure was normalized in 23 of the 53 patients treated 
with spironolactone/altizide by the end of 4 weeks and 
was not in the remaining patients. The addition of either 
enalapril or acebutolol was equally effective in decreasing 
blood pressure. These investigators recommended that if 
a converting enzyme inhibitor is given to patients receiv- 
ing the spironolactone/altizide combination product, a 
low dose such as 5 mg of enalapril should be chosen to 
prevent unwanted hypotensive reactions. 

The final report by Henry et al is a comparative study 
of spironolactone (75 mg/day) vs a preparation of sus- 
tained-release nifedipine (40 mg twice daily). The antihy- 
pertensive response was comparable in both the spirono- 
lactone and calcium channel blocker groups. In patients 
not responding, therapy was switched to the alternate 
medications so that those who were receiving spironolac- 
tone then received concomitant nifedipine therapy; pa- 
tients in whom nifedipine therapy was begun received 





concomitant spironolactone therapy. After 45 days, it 
was noted that 63% of the patients receiving combination 
therapy achieved normal blood pressure. Adverse effects 
were higher in the group receiving nifedipine therapy. 
This collection of different antihypertensive trials in- 
volving spironolactone, or spironolactone in combination 
with altizide, expands our knowledge of the usefulness of 


these products as antihypertensive agents and provides 
direction for the judicious concomitant use of other main- 
line antihypertensive agents. The vascular activity of spi- 
ronolactone also provides future direction for studies on 
vascular and ventricular remodeling, a suggestion en- 
hanced by the recent information of spironolactone’s inhi- 
bition of certain calcium channels. 
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Clinical Update: Spironolactone and Altizide as 
Monotherapy in Systemic Hypertension 


Jean-Marc Dueymes, MD 


SS SD SEUSS cet BON a a eee ON 
A large-scale, open, nonrandomized, multicenter, 
90-day study of the safety and efficacy of a thia- 
zide diuretic and aldosterone antagonist combina- 
tion (Aldactazine®, 25 mg spironolactone and 15 
mg altizide, 1/day) as monotherapy was performed 
in 946 patients with mild to moderate hypertension 
(diastolic blood pressure [BP] between 90 and 120 
mm Hg). Adverse effects were assessed, and body 
weight, heart rate, serum potassium, creatinine 
and uric acid measurements were monitored. On 
day 45 of the study, BP was normalized (diastolic 
BP <90 mm Hg) in 72% of the patients. The dose 
was increased to 2 tablets per day in the patients 
whose BP did not reach normal levels. By the end 
of the study, BP was controlled in 83% of the pa- 
tients. No significant changes were noted in body 
weight, heart rate or laboratory values; however, 
treatment had to be discontinued in 6 patients be- 
cause of hypokalemia (n = 4) or elevated serum cre- 
atinine levels (n = 2). Serum uric acid levels were 
increased in 5.5% of patients. The rate of adverse 
effects, as reported by the patients, was low (5%). 
Thus, this study demonstrates that diuretics, espe- 
cially the combination of a thiazide diuretic and al- 
dosterone antagonist, remain a safe, effective and 
economical therapy for patients with mild to mod- 
erate hypertension. 

Am J Cardiol 1990;65:20K-23K) 
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steadily. Recently, the therapeutic trend has been 
toward increased specificity (e.g., angiotensin- 
converting enzyme inhibitors, calcium antagonists); how- 
ever, patients with hypertension often need long-term 
pharmacologic therapy, which mandates a drug that pro- 
duces minimal side effects, does not interfere with a pa- 
tient’s quality of life, and is of moderate cost. Diuretics 
meet these criteria. This may explain why, after more 
than 30 years of use, they remain an integral part of the 
antihypertensive therapeutic regimen.' But even though 
diuretics have been proven to be well tolerated by many 
patients,'* some, especially the thiazides, can cause vari- 
ous metabolic complications, such as hypokalemia and 
hypomagnesemia, which may lead to cardiac arrhyth- 
mias.34 On the other hand, it is well known that a thiazide 
diuretic used in combination with an aldosterone antago- 
nist will effectively reduce patients’ blood pressure (BP). 
Spironolactone, a direct aldosterone antagonist, helps 
counteract the thiazide-induced activation of the renin- 
angiotensin-aldosterone system and prevents subsequent 
potassium loss in the urine’ without any adverse effect on 
serum lipids.* There is also evidence that spironolactone, 
in combination with a thiazide diuretic, can reverse diu- 
retic-related hypokalemia.® A large-scale study of a thia- 
zide-spironolactone combination (Aldactazine®) was 
performed to (1) confirm that the combination drug 
would effectively control BP in most hypertensive pa- 
tients, and (2) assess the tolerability and safety of differ- 
ent doses of the combination. 


ik number of antihypertensive drugs is growing 


METHODS 

An open, nonrandomized, multicenter (150 partici- 
pating physicians), 3-month study of 946 patients with 
mild to moderate hypertension (diastolic BP between 90 
and 120 mm Hg) was performed. The study’s progress 
was continuously monitored in real time by a computer 
linkup (Minitel). 

Criteria: The study comprised men and women, aged 
18 to 75 years, with untreated or treated mild to moderate 
hypertension (supine diastolic BP between 90 and 120 
mm Hg, systolic BP 2160 mm Hg). The exclusion crite- 
ria were pregnant or nursing women, need for concomi- 
tant antihypertensive therapy, renal failure (creatinine 
level >15 mg/liter), hepatic dysfunction, serum potassi- 
um >5.5 mEq/liter, hypersensitivity to thiazides or spi- 
ronolactone, orthostatic hypotension (systolic BP de- 
crease >40 mm Hg on standing, and concomitant treat- 
ment with calcium antagonists or 6 blockers. 

Study schedule: The study was performed from May 
1984 to May 1985. The patients were seen 3 times: at the 





Day 0 
Beginning of study 
n=946 


1 tab/d 


Day 45 
(Interim evaluation) 
n=895 


Supine diast BP 


<90 mm Hg 
1 tab/d 


290 mm Hg 
2 tab/d 


Day 90 
End of study 


Day 90 
End of study 


FIGURE 1. Study design. d = day; diast = diastolic; tab = tab- 
let. 


beginning of the study (day 0, 946 patients), at day 45 
(895 patients) and at day 90 (850 patients). At these 
visits, BP (systolic and diastolic, supine and standing), 
body weight and heart rate were recorded, as were serum 
potassium, creatinine and uric acid levels; complaints of 
adverse effects were noted (Fig. 1, Table I). 

Dosage: The dosage was | tablet of Aldactazine (25 
mg spironolactone, 15 mg altizide) per day, taken orally. 
At day 45 the dosage was increased to 2 tablets per day 
for those patients whose BP had not reached normal 
levels (supine diastolic BP >90 mm Hg [Fig. 1]). 

Patient population: Initially, 1,012 case reports (562 
women, 450 men) were studied. The patients ranged in 
age from 20 to 84 years (mean 61 + 11, women 62 + 11, 
men 60 + 11). Mean body weight was 71 + 13 kg (wom- 
en 67 + 13, men 76 + 12). 

Sixty-one percent of the patients had concomitant 
disease (cardiovascular, 12.5%; rheumatoid, 10.3%; en- 
docrine, 5.9%). A family history of hypertension was 
noted in 42.6% of the patients, and 45.4% were currently 
being treated or had been treated with an antihyperten- 
sive drug. Hypertension had been present for less than 1 
year in 283 patients (28%) and more than 3 years in 438 
patients (43.3%). 


RESULTS 

Population: Of the 1,012 patients, 66 were dismissed 
from the evaluation because they did not meet protocol 
criteria (age, BP, or laboratory values outside the study 
ranges). Thus, 946 case reports were used for the evalua- 
tion of safety and efficacy. Some patients were not pres- 
ent for the day 45 and day 90 visits. These patients were 
included in the evaluation, but were considered therapeu- 
tic failures, as were 6 patients who discontinued treat- 
ment after day 45 because of elevated creatinine levels 
(n = 2) or hypokalemia (n = 4). Consequently there 
were 946 patients on day 0, 895 on day 45, and 850 on day 
90 (Fig. 1). 

Blood pressure: At day 0, mean systolic (supine) and 
diastolic BP was 177 + 13 and 101 + 8 mm Hg, respec- 


BP (mm Hg) 100 


FIGURE 2. Effect of monotherapy with Aldactazine on blood 
pressure in 946 patients. BP = blood pressure; D = study day; 
Diast = diastolic; Syst = systolic. 


tively. Mean values for serum potassium, creatinine and 
uric acid were 4.3 + 0.4 mEg/liter, 10.5 + 2 mg/liter, 
and 57 + 14 mg/liter, respectively (Fig. 2, Table 1). 

On day 45, BP was normalized (diastolic BP <90 mm 
Hg) in 680 of the patients (72%). Dosage had to be 
increased to 2 tablets per day in 210 patients (22%). Of 
these 210 patients, 199 returned for the day 90 visit, and 
BP had normalized in 152 (diastolic BP <90 mm Hg). 
By the end of the 90-day study, BP had normalized in 
83% of the patients (786 of 946). 

Body weight and heart rate: There were no signifi- 
cant changes in body weight and heart rate between day 0 
and day 45, day 45 and day 90, and day 0 and day 90 
(Table I). 

Laboratory values: Overall, no significant changes 
were observed in serum potassium (mean 4.28 + 0.42 
mEq/liter, day 0, vs 4.28 + 0.38 mEq/liter, day 90), 
creatinine (mean 10.47 + 2.09 mg/liter, day 0, vs 10.59 
+ 2 mg/liter, day 90), or uric acid levels (mean 56.67 + 
13.94 mg/liter, day 0, vs 57.33 + 13.1 mg/liter, day 90). 
However, treatment was discontinued in 4 patients on 


TABLE I Change in Blood Pressure, Heart Rate, Body 
Weight and Laboratory Values from Baseline (Day 0) to End of 
the Study 


Day O Day 45 Day 90 


177413 
101 +48 
175414 
101+9 
77+10 

71+13 
10.5.42 

57 +14 
4.3 +0.4 
946 


BP = blood pressure; Diast = diastolic; Syst = systolic. 


157 + 14 
89+9 
1654.15 
88 +9 
7648 
70413 
10.542 
SEN 
4.3 +0.4 

895 


Syst BP (supine, mm Hg) 151 4 13 
Diast BP (supine, mm Hg) 
Syst BP (standing, mm Hg) 
Diast BP (standing, mm Hg) 
Heart rate (supine, beats /min) 
Body weight (kg) 

Serum creatinine (mg/liter) 
Serum uric acid (mg/liter) 
Serum potassium (mEq /liter) 
No. of pts 
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A SYMPOSIUM: ROLE OF ALDOSTERONE AND ALDOSTERONE ANTAGONISM IN CARDIOVASCULAR MEDICINE 


TABLE II Subgroup Analysis 


Day 90 
Diast BP 


No. of Pts. <90 mm Hg 


Previous antihypertensive 336/375 89.6% 


treatment 
No previous antihypertensive 
treatment 


BP = blood pressure; Diast = diastolic. 


day 45 because of hypokalemia (3.0, 3.2, 3.3 and 3.4 
mEq/liter, respectively), and 5 patients were hypokale- 
mic on day 90 (3.2, 3.3, 3.4 and 3.4 mEq/liter, respective- 
ly). On day 0, serum creatinine levels were >15 mg /liter 
in 9 patients. However, no significant change in renal 
function was noted in these patients when they were seen 
again on days 45 and 90. But increased serum creatinine 
levels were detected in 4 patients with normal renal func- 
tion (16, 19, 19 and 16 mg/liter) on day 45, and in 2 on 
day 90 (16 and 20 mg/liter). Two of the 4 patients with 
elevated creatinine on day 45 withdrew from the study, 
and creatinine levels were normal in the other 2. Uric acid 
levels were increased in 5.5% of the patients (Table I). 


399/424 94.1% 


SUBGROUP ANALYSIS 

The results were also analyzed after dividing the pa- 
tients into different subgroups according to drug dosage, 
age, or previous antihypertensive treatment. After ex- 
cluding patients who did not meet all protocol criteria, or 
for whom some data were missing, 799 case reports were 
evaluated. 

Dosage: In the patients who continued to take 1 tablet 
per day (group A) (25 mg spironolactone, 15 mg altizide) 
for the duration of the study, mean supine diastolic BP 
decreased from 99 + 8 to 83 + 6 mm Hg between day 0 
and day 90. On average, systolic BP decreased from 174 
+ 13 to 148 + 11 mm Hg. 

In those patients whose diastolic BP had not normal- 
ized (diastolic BP >90 mm Hg) on day 45 and who were 
given the 2-tablets-per-day regimen (group B), mean dia- 
stolic BP decreased from 105 + 8 to 89 + 9 mm Hg, 
between day 0 and day 90, and average systolic BP de- 
creased from 181 + 15 to 157 + 15 mm Hg (Table II). 

This breakdown provides no dose-effect information 
because the 2 groups are not comparable. BP values in the 
group B patients were already higher on day 0 (eg., 
diastolic BP was 105 + 8 vs 99 + 8 mm Hg). Also, 56.9% 
of the patients in group B had been previously treated for 
hypertension vs 43.9% of the patients in group A. No 
significant differences, however, were noted in the labora- 
tory values between the 2 groups. 

Age and no previous antihypertensive treatment: Of 
799 patients, 375 (46.9%) had been previously treated for 
hypertension. Among these 375, diastolic BP was under 
control (<90 mm Hg) on day 90 in 336 or 89.6% (Table 
II). The dosage was increased to 2 tablets per day in 85 of 
the 375 patients (22.6%). 

Among these 375 patients, 63 were younger than age 
55 years. On day 90, diastolic BP was still >90 mm Hg in 
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TABLE Ill Side Effect Profile (n = 912) 


865 (95%) 
11 (1.2%) 
10 (1.1%) 

4(0.44%) 
2 (0.22%) 


No adverse effects 

Fatigue 

Gastrointestinal disturbances 
Orthostatic hypotension 
Gynecomastia 


n = number of case reports. 


8 of the 63 younger patients (5 of these 8 patients had 
been on the 2-tablets-per-day regimen). Among the older 
patients (over 55 years), BP had not normalized on day 
90 in 31 cases despite increased dosage in 22 of the 31. 

Age and previous antihypertensive treatment: Of the 
799 patients, 424 (53%) had not been previously treated 
for hypertension. Among these, BP was controlled (dia- 
stolic BP <90 mm Hg) on day 90 in 399 or 94.1% (Table 
II). The dosage was increased to 2 tablets per day in 63 of 
the 424 patients on day 45 (14.9%). 

In this subgroup, 151 patients (36.5%) were younger 
than age 55 years, and diastolic BP was >90 mm Hg in 
12 of them on day 90 despite the dose increase in 11 of the 
12. The other 273 patients (64.4%) of this subgroup were 
older than 55. By the end of the study, BP was still >90 
mm Hg on day 90 in 13 patients despite the higher dose in 
7 of the 13. 

Adverse effects: Complaints of adverse effects were 
recorded for 912 patients; however, the drug was well 
tolerated by 865 (95%). The adverse effects reported by 
the remaining 47 patients (5.1%) were minor, including 
fatigue (n = 11), gastrointestinal disturbances (n = 10), 
orthostatic hypotension (n = 4) and gynecomastia (2 
cases) (Table III). 


DISCUSSION 

The purpose of this study was to evaluate the safety 
and efficacy of Aldactazine as monotherapy in a large 
(over 1,000 patients) and heterogeneous population of 
hypertensive patients. For this reason the selected investi- 
gators were family practitioners who entered their own 
ambulatory hypertensive patients. 

Interpretation of the study results, however, should 
include accounting for the limitations and constraints 
imposed by the protocol. This was an open, nonrandom- 
ized study with flexible inclusion criteria and study condi- 
tions. Because of this flexibility, compliance with study 
protocol was excellent, and a large number of case reports 
could be evaluated (946). On average, the patients were 
relatively old (49.8% over age 60 vs 27.2% under age 55), 
of normal weight (76.4 kg for the men), and had had 
hypertension for more than 3 years (43.3% of the cases). 
This was not a randomly selected hypertensive popula- 
tion, but one selected according to the investigators’ par- 
ticular clinical experience. 

Results confirm that monotherapy with Aldactazine 
is effective; by the end of the study, BP was controlled in 
over 80% of the patients (mean supine systolic and dia- 
stolic BP 151 and 85 mm Hg, respectively). 

A biased interpretation of the study results is possible, 
since the age distribution was nonhomogeneous. The ef- 





fectiveness criterion was based on supine diastolic pres- 
sure. On day 90, 27.3% of the patients had a diastolic BP 
of 90 mm Hg, and 65.2% had a diastolic BP <90 mm Hg. 
Between day 0 and day 90, BP decreased from 173 /100 
to 143/83 mm Hg in patients younger than age 55 years 
and from 177/99 to 151/83 mm Hg in those older than 
55; therefore, age should be taken into account with these 
figures. A diastolic BP of 90 mm Hg, although fully 
satisfactory in a 65-year-old patient, may not be satisfac- 
tory in a 40-year-old patient. 

Because of methodologic constraints (no randomiza- 
tion on day 45) and because the 2 groups on the 1- or 2- 
tablets-per-day regimen are not comparable in terms of 
the severity of hypertension, we were unable to assess a 
dose-effect relation. By day 90, BP had normalized in 
35.2% of the 199 patients whose dose was increased to 2 
tablets per day. This could be due to the increase in dose 
or could have occurred with the initial dosage. 

Laboratory values remained essentially unaffected: 
however, because of the potential risk of elevated serum 
creatinine (5 cases) and hypokalemia, laboratory values 
should be monitored during the first few weeks of treat- 
ment with this drug. 


CONCLUSIONS 

This study demonstrates that diuretics, and particu- 
larly the combination of a thiazide diuretic and an aldo- 
sterone antagonist, continue to be effective therapy in 
moderate essential hypertension. For most patients, this 


therapy will be sufficient and has the advantage of a low 
rate of adverse reactions and low cost. 

The goal of antihypertensive therapy is not limited to 
reducing BP, but also includes reducing the associated 
morbidity and mortality. Long-term epidemiologic stud- 
ies have shown that both diuretics and 8 blockers are 
effective in this respect.®7.8 Because no comparable data 
currently exist on the long-term efficacy of the newer 
antihypertensive methods, diuretics and 6 blockers 
should remain as first-line therapy for the treatment of 
hypertension.®? 
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Spironolactone and Altizide in Systemic 
Hypertension: Ambulatory Multicenter Study 


Jacques Sternon, MD 


oo PENA eR Sa A EEN CE a aE Sa Paar seers as 
A multicenter study was performed in 919 hyper- 
tensive patients, 780 of whom could be evaluated. 
Patients in group I (n = 482) were treated with Al- 
dactazine® alone (altizide + spironolactone, 2 tab- 
lets per day). The other 298 patients (group Il) 
were treated with 1 or 2 tablets per day of Aldacta- 
zine plus a conventional antihypertensive agent, 
e.g., a 8 blocker, a-methyldopa or clonidine. After 
45 days of treatment with Aldactazine alone, mean 
systolic and diastolic blood pressure (BP) decreased 
by 15 and 14%, respectively, vs baseline values. 
The addition of the other antihypertensive agent 
decreased BP further; however, the best results 
were obtained with the combination of Aldactazine 
and clonidine. With this combination, systolic and 
diastolic BP decreased by 16.6 and 18%, respec- 
tively, vs baseline. In terms of adverse effects, a 
few cases of gastrointestinal disturbances and or- 
thostatic hypotension were reported. 

(Am J Cardiol 1990;65:24K-27K) 
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line pharmacologic therapy of essential hyperten- 

sion.! However, they have been associated with a 
number of metabolic adverse effects such as hypergly- 
cemia, hyperuricemia, hypertriglyceridemia, decreased 
high-density lipoprotein cholesterol, hypokalemia and 
hypomagnesemia.”~* 

This has resulted in increased interest in potassium- 
sparing diuretics, particularly when combined with a thi- 
azide diuretic, because this type of combination appears 
to be more devoid of metabolic consequences than the 
thiazides alone.>-° 

This study was conducted to assess the efficacy of an 
aldosterone antagonist-altizide combination (Aldacta- 
zine®) and to compare its sole use vs its use with other 
antihypertensive agents in patients with essential hyper- 
tension. 


[ise diuretics have long been used as first- 


METHODS 

Patients: Patients considered for the study were male 
and female ambulatory patients, 20 to 85 years old, with 
essential hypertension (systolic and diastolic blood pres- 


TABLE I Therapeutic Regimens 


Aldactazine 
Total No. 
of Pts. 


Add-On 


Antihypertensive (1 tab /day) (2 tab /day) 


B blocker 
a-Methyldopa 
Clonidine 
Other 

Total 


tab = tablet. 


TABLE Il Discontinuations, Protocol Violations, Adverse 
Effects* 


Adverse Effects 
(n = 31) 


GI disturbances 
Syncope 
Pollakiuria 
Headaches 
Muscle cramps 
Pruritus 
Lumbar pain 
Constipation 
Diarrhea 

Dry mouth 


m A pet eee ee ae 


* Protocol violations /dropouts (n = 107) 
GI = gastrointestinal 





TABLE Ill Group |: Distribution of Systolic Blood Pressure 
Values 


482 100 


BP = blood pressure; Syst = systolic. 


TABLE IV Group |: Distribution of Diastolic Blood Pressure 
Values 


Diast BP 
(mm Hg) 


100 


BP = blood pressure; Diast = diastolic. 


TABLE V Group |: Improvement in Systolic Blood Pressure 
After Monotherapy with Aldactazine (Statistical 
Approximation)* 


Day 45 
nado SOIE SE ee a i Si T N 
20-39 Years 40-59 Years 60-89 Years 
(2 tab /day) (2 tab /day) (2 tab /day) 


Day O 
Systolic BP 


* The statistical approximation is the statistical value estimated under the hypothe- 
sis of the statistical model, i.e., u(BPy45/BP yo) = u log (BP4o) + B + error. We selected 
this analysis of covariance because it seemed adequate for the variable to be predict- 
ed, given the fact that BP445 was not integrable to a contingent variable. The effect of 
these parameters was determined, but not taken into consideration for group Il, 
because of the large number of parameters and the small population. 

BP = blood pressure; tab = tablet. 


sure [BP] 2150 and 295 mm Hg, respectively). All 
patients gave informed consent. 

Criteria: Patients with kidney failure, anuria, hyper- 
kalemia, hypersensitivity to thiazide diuretics, and preg- 
nant or nursing women were excluded from the study. 

Dosage and monitoring: The study comprised 2 
groups: group I (Aldactazine as monotherapy)—2 tablets 
of Aldactazine per day with breakfast. Group II (combi- 
nation therapy)—1 or 2 tablets of Aldactazine per day 
plus either a 6 blocker, a-methyldopa, clonidine, or other 
antihypertensive agent that the patient may have been 
using. Serial BP (seated) measurements were obtained by 
the same investigator after 15 and 45 days of treatment 
(control visits). Heart rate and adverse effects were simi- 
larly recorded. 

Patient distribution: Initially, 919 patients were en- 
rolled in the study. They were divided into 2 groups: (1) 
Group I was a monotherapy group consisting of 590 


TABLE VI Group |: Improvement in Diastolic Blood Pressure 


Day O Day 45 
(mm Hg) 


150 160 170 180 190 200 210 220 mm Hg 


Day 0 
4 60-89 years 
| 40-59 years 
O 20-39 years 


FIGURE 1. Systolic blood pressure. 


90 


80 
80 90 100 110 120 130 140 


Day 0 


150 mm Hg 


FIGURE 2. Diastolic blood pressure. 


patients treated with 2 tablets of Aldactazine per day; of 
these, 482 came back for the 2 follow-up visits (Table I). 
(2) Group II was a combination therapy group consisting 
of 329 patients who received Aldactazine (1 or 2 tablets 
per day) plus either a 8 blocker, a-methyldopa, clonidine 
or another antihypertensive. Within group II, 298 pa- 
tients came to the 2 follow-up visits (Table I). 
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A SYMPOSIUM: ROLE OF ALDOSTERONE AND ALDOSTERONE ANTAGONISM IN CARDIOVASCULAR MEDICINE 


a 60-89 years 
§ 40-59 years 
O 20-39 years 


mm Hg 


100 115 130 145 160 175 190 205 220 235 


Day 0 


FIGURE 3. Double product. 


TABLE VII Group II: Age-Related Distribution of Systolic 
Blood Pressure Values in Each Therapeutic Subgroup 


Systolic BP 
(mmHg) 20-39 Years 40-59 Years 60-89 Years: Total % 


Aldactazine + 8 Blocker 
3 1 8 6.4 


<159 
160-184 
185-214 
2215 
Total 

% 100 


49.60 
36.00 
8.00 


<159 
160-184 
185-214 
2215 
Total 

% 


100 
Aldactazine + Clonidine 
2 3 6.8 


<159 
160-184 
185-214 
2215 
Total 

% 100 


4.5 
BP = blood pressure. 


Of the initial 919 patients, 31 withdrew from the 
study because of adverse effects (16 from group I and 15 
from group II). In addition, 107 patients were withdrawn 
from the study for protocol violations (Table II). 


43.2 
34.1 
15.9 


TABLE VIII Group II: Age-Related Distribution of Diastolic 
Blood Pressure Values in Each Therapeutic Subgroup 


Diastolic 
BP 
(mmHg) 20-39 Years 40-59 Years 60-89 Years Total % 


Aldactazine + 6 Blocker, Middle-Sized Dose 


<95 3 8 3 14 10.8 
96-104 11 36.1 

105-119 4 32.3 

2120 2 20.8 

Total 20 

% 15.4 


17.0 
16... 30:2 
17+. 32:1 
11 20.8 
53 

00 


í , 1 
Aldactazine + Clonidine (450 ug/day) 
5 11.4 
13.6 


45.4 
29.9 


105-119 1 
=120 1 
Total 2 
% 4.5 100 


BP = blood pressure 


Statistical evaluation: Statistical analysis was per- 
formed on the variations in systolic and diastolic BP val- 
ues on day 0 and day 45 for 780 patients divided into 2 
groups (monotherapy and add-on therapy). 


RESULTS 

Group I (monotherapy): Baseline systolic BP varied 
between 160 and 210 mm Hg in 83% of the cases (Table 
III). Baseline diastolic BP ranged between 95 and 116 
mm Hg in 81% of the patients (Table IV). There was a 
marked reduction in systolic BP between day 0 and day 
45. The variations in systolic BP between day 0 and day 
45, broken down by age group, are listed in Table V. The 
systolic BP profiles between day 0 and day 45 were paral- 
lel for the various age groups, with the lower readings, as 
expected, in the younger age group (Fig. 1). ~ 


TABLE IX Percent Change in Blood Pressure at Day 45 vs Day O 


Systolic BP 


Range* 
(%) 
Group | Aldact alone 13.6-15.0 
Group II 
B blocker 
a-methyldopa 
Clonidine 
Other 


* 95% confidence interval. 
Aldact = Aldactazine; BP = blood pressure. 


12.0-17.0 
13.9-18.2 
13.5-19.6 
11.0-14.7 
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Diastolic BP 


Range* 
(%) 


12.7-14.1 


13.8-17.2 
11.2-17.6 
14.4-21.6 
12.7-16.8 





Diastolic pressure decreased greatly between day 0 
and day 45 (Table VI). The statistical analysis of diastol- 
ic BP variations confirmed this decrease (Fig. 2). Diastol- 
ic BP values were not broken down into the different age 
groups. 

Statistical analysis showed that age had an effect on 
double product (systolic BP X heart rate) as well (Fig. 3). 
The best results were obtained in hypertensive patients 
older than 60 years. 

Group Il (combination therapy): Tables VII and VIII 
show the distribution of BP values as a function of age in 
the 3 therapeutic subgroups (Aldactazine + 8 blocker, 
Aldactazine + a-methyldopa, and Aldactazine + cloni- 
dine). 

Both systolic and diastolic BP decreased very marked- 
ly between day 0 and day 45. Statistical analysis shows 
the benefits of the combination of Aldactazine and the 
various antihypertensive agents (8 blocker, methyldopa, 
or clonidine) vs monotherapy with Aldactazine alone 
(Table [X). Although significance could not be deter- 
mined because of the lack of a suitable control group, the 
combination of Aldactazine and clonidine was especially 
effective, particularly since the patients in this subgroup 


TABLE X Percent Change in Double Product Between Day 
45 and Day O 


Mean Range* 
(%) (%) 


Group | Aldact alone 16.1-18.3 
Group II 
6 blocker 
a-methyldopa 
Clonidine 
Other 


21.3-26.8 
17.9-23.9 
15.1-24.6 
14.2-20.5 


TABLE XI Adverse Effects with Each Therapeutic Regimen 


Group | 
Monotherapy 
(482 Patients): 


Adverse Effects Aldactazine 


GI disturbances 
Orthostatic hypotension 
Weakness 

Muscle cramps 
Headache 
Pollakiuria 
Gynecomastia, mild 
Thirst 

Kt 

K+} 

Dry mouth 
Diarrhea 
Constipation 

Sleep disturbances 
Skin rash 

Visual disturbances 
Gout 


were older and had relatively higher BP levels than those 
in the other subgroups (Table IX). 

The statistical analysis of the double product showed 
that combination therapy, especially Aldactazine plus 8 
blocker, was particularly effective, presumably because 
of the bradycardiac effect of the 6 blocker (Table X). 


ADVERSE EFFECTS 

A number of minor adverse effects were recorded in 
each group, consisting mostly of gastrointestinal distur- 
bances and orthostatic hypotension (Table XI). One pa- 
tient with gout in group I had an attack during the treat- 
ment period. 


CONCLUSIONS 
Although the absence of a control group precluded 


-calculations of statistical significance, the results of this 


large multicenter study demonstrate that a combination 
product of aldosterone antagonist (spironolactone) is 
both safe and effective in the treatment of hypertension, 
whether used alone or when combined with other “add- 
on” antihypertensive agents (8 blockers, methyldopa, 
clonidine). 
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Group II 

Combination Therapy 

Add-On (293 Patients) 
<li cai ar a ee Sb) De 
6 Blocker a-Methyldopa Clonidine 


GI = gastrointestinal; K*t | = potassium increased and decreased. 
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Spironolactone and Altizide Versus Converting 
Enzyme Inhibitor (Enalapril) 


Jean-Pierre Grunfeld, MD, Marie Wehrlen, MD, Bruno Pelletier, MD, 
and Michel-Hubert Capron, MD 


The safety and antihypertensive effectiveness of a 
fixed-dose combination form of spironolactone + 
altizide (S/A) were compared with those of enala- 
pril, an angiotensin-converting enzyme inhibitor in 
a randomized, double-blind, parallel-group study of 
186 patients with moderate essential hypertension. 
The 2 treatment groups were comparable in terms 
of age, gender, duration and severity of hyperten- 
sion, diastolic blood pressure (BP), serum potassi- 
um and creatinine, and 24-hour urinary sodium ex- 
cretion after a 4-week washout phase. After 8 
weeks of treatment, both S/A and enalapril de- 
creased BP significantly and to about the same ex- 
tent. Enalapril, however, was more effective in de- 
creasing supine diastolic BP in patients younger 
than age 50, whereas S/A yielded better results in 
those older than 50. Laboratory values were simi- 
lar after both drugs were administered, and there 
were no Clinically significant changes. The study 
demonstrated that S/A safely reduces elevated BP, 
particularly in older patients. 

(Am J Cardiol 1990;65:28K-—32K) 
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most widely prescribed therapy for patients with es- 

sential hypertension. The cornerstone of antihyper- 
tensive therapy, thiazide diuretics have found acceptance 
as a first-step treatment in large-scale clinical trials.'~° As 
a result of the considerable clinical experience gained 
from these trials, diuretic dosages have substantially de- 
creased. This has led to a reduction in both the incidence 
and severity of adverse reactions, especially the long-term 
effects on lipid and carbohydrate metabolism.*° In addi- 
tion, diuretics have reduced the morbidity and mortality 
associated with hypertension. The greatest benefits, how- 
ever, have been the reduction in cerebrovascular acci- 
dents and complications secondary to cardiac or renal 
failure.23 But disappointingly, the incidence of coronary 
heart disease has not decreased. 

A potassium-sparing diuretic such as spironolactone, 
combined with a thiazide diuretic, is an effective way of 
reducing blood pressure (BP). Spironolactone is an aldo- 
sterone antagonist that reduces distal tubular potassium 
loss by competitive inhibition of aldosterone-dependent 
sodium /potassium exchange sites, and exerts its own an- 
tihypertensive action.’ 

Enalapril maleate, an angiotensin-converting enzyme 
(ACE) inhibitor, is also an effective antihypertensive 
agent. After oral administration, enalapril maleate is hy- 
drolyzed into enalaprilate, the active metabolite that in- 
hibits the enzyme responsible for the production of angio- 
tensin II and the degradation of kinins. Inhibition of the 
ACE occurs within 2 to 4 hours and lasts for more than 24 
hours, so that it can be administered in a single daily 
dose.!° It has been shown that enalapril exerts its antihy- 
pertensive action in dose-dependent fashion up to 10 mg. 
A 20-mg dose is not markedly more effective than 10 mg, 
but has a longer duration of action.!! 

Although both spironolactone/altizide (S/A)—in a 
fixed-dose combination form—and enalapril act directly 
on the renin-angiotensin-aldosterone system, they do so 
at different points. This study was conducted to compare 
the respective safety and efficacy of these 2 antihyperten- 
sive agents in the treatment of moderate essential hyper- 
tension. 


F= the past 3 decades, diuretics have been the 


METHODS 

Selection criteria and study design: The study con- 
sisted of 186 patients (108 men and 78 women), aged 19 
to 80 years (mean 57.4 + 12.3) with stable essential 
hypertension (diastolic BP between 100 and 120 mm Hg) 
as recorded on 2 consecutive visits before and after the 





TABLE I Description of Patient Population 


S/A 
(n = 92) 


Enalapril 
Parameter (n = 94) 
Age (yr) 
Men 
Women 
Duration of hypertension 
Previous treatment 
DBP (mm Hg) 

Supine 

Standing 
Serum potassium (mmol /liter) 
Serum creatinine (umol /liter) 
Natriuresis (mmol /24 hours) 


58.4 + 12.1 
56% 
44% 

3.7 + 4.3 
62% 


56.54 12.6 
61% 
39% 
23435 
56% 


107 +7 
106 ż 8 
4.16 +0.31 
95.8 +4 18.7 
129.6 +71.9 
Values are expressed mean + standard deviation. 


DBP = diastolic blood pressure; NS = not significant; S/A = spironolactone + 
altizide. 


106 + 6 

106 + 7 
4.19 + 0.36 
90.7 + 19.6 
136.7 + 83.7 


placebo washout period. Patients with cardiac, cerebro- 
vascular, renal or liver dysfunction were excluded from 
the study, as were patients with known hypersensitivity to 
either of the drugs, and pregnant or lactating women. All 
patients gave informed consent to participate in the study. 

Study design and dosages: This was a randomized, 
multicenter, double-blind, parallel-group study with an 8- 
week treatment period preceded by a 4-week placebo 
washout phase. The patients were randomly assigned to 1 
of the 2 treatment groups, either the S/A (15 mg/25 mg/ 
day) group, or the enalapril (20 mg/day) group. 

Clinical evaluation and laboratory values: Resting 
systolic and diastolic BP measurements were recorded 
after 5 minutes in the supine position and after 1 minute 
in the upright position. After 1 week of treatment, the 
patients were examined for possible signs of orthostatic 
hypotension, and clinical evaluations were performed af- 
ter 4 and 8 weeks. Laboratory values were checked before 
and after the placebo run-in phase and after 4 and 8 
weeks of treatment. Drug safety was assessed at each 
visit by recording any adverse reactions spontaneously 
brought up by the patient or elicited by direct questioning 
during the examination. 

Statistical methods: The statistical analyses of the 
study results included the chi-square test, analysis of vari- 


ance and calculation of correlation coefficients. Statisti- 
cal significance was defined at the 5% level (a = 0.05). 


RESULTS 

Table I, which summarizes the patient characteristics 
at the end of the placebo phase, shows that the 2 groups 
were comparable. Of the total 186 patients, 94 were as- 
signed to the enalapril group and 92 to the S /A group. 
Forty percent of the patients in both groups had never 
been previously treated for hypertension, and the remain- 
ing patients had been treated for an average of 3.3 + 3.9 
years. No patients were lost to follow-up, but 4 in the S /A 
group and 5 in the enalapril group withdrew because of 
adverse reactions. 

Blood pressure: After 8 weeks, significant and com- 
parable decreases in BP were recorded with both regi- 
mens (Table IT). In the S/A group, mean supine systolic 
and diastolic BP were significantly reduced (15 and 16%, 
respectively). BP decreased comparably in the enalapril 
group (13% systolic, 16% diastolic) (Fig. 1). By the end of 
the study, the percentage of patients with normalized BP 
(diastolic <95 mm Hg) was comparable for the 2 groups 
(71% S/A group, 73% enalapril group; p = 0.75). When 
the BP decreases were related to the age of the patients, 
a significant age-related effect was found (p = 0.03). 
Whereas enalapril produced a greater reduction in supine 
diastolic BP in patients younger than age 50 years (enala- 
pril group, —19%; S/A group, —14%), BP in the patients 
older than 50 was more effectively controlled by S/A 
than by enalapril (—17 and —14%, respectively). More- 
over, the decrease in supine diastolic BP in women, irre- 
spective of age, appeared to be greater with S/A than 
with enalapril (—17 and —14%, respectively), although 
the difference was not statistically significant (Table IT). 

Laboratory values and adverse reactions: Laborato- 
ry values before and after treatment are listed in Table 
IV. Serum potassium levels changed somewhat in both 
groups (S/A group, —2%; enalapril group, +3%). There 
was | instance of hypokalemia in each group after the 8 
weeks of treatment (serum potassium = 3.1 mmol /liter, 
S/A group; 3.3 mmol/liter, enalapril group). In addition, 
there were 2 cases of hyperkalemia in the enalapril group 


TABLE Il Mean Systolic and Diastolic Blood Pressure (mm Hg) Before and After Four and Eight Weeks of Treatment 


Spironolactone + Altizide 


After 
4 Weeks 


After 
8 Weeks 


Before 
Treatment 


(0 
Systolic Blood Pressure 


154+ 16! 
1534171 


158+ 18" 
154+ 19! 


1S] 2 15* 
178+ 15* 


Supine 
Standing 


Enalapril 


After 
4 Weeks 


After 
8 Weeks 


Before 


% Treatment % 


—15t 
—] 4f 


176 + 13* 
173 + 16* 


155+ 18 
1514191 


152+ 18! 
147+ 19! 


— 13! 
—]4t 


Diastolic Blood Pressure 


90 + 9t 
Stat! 


107 +7 92+10' 
106+8 924111 
* Significant difference (p <0.05) between 2 treatments. 


' Significant difference (p <0.01) vs pretreatment value. 
Values are expressed as mean + standard deviation. 


Supine 
Standing 


—16! 
—14t 


106 + 6 
106 +7 


91 410' 
90+ 11! 


89 + 10! 
89+ 111 


—16' 
—] 6t 
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A SYMPOSIUM: ROLE OF ALDOSTERONE AND ALDOSTERONE ANTAGONISM IN CARDIOVASCULAR MEDICINE 


Supine SBP 


FIGURE 1. Relative variations in supine 
blood after 1, 4 and 8 weeks of 
treatment. DBP = diastolic blood pressure; 
SBP = systolic blood pressure; S/A = spi- 
ronolactone /altizide. 


Wki Wk4 Wk8 Wk 1 


(5.3 and 5.4 mmol/liter). Serum creatinine increased 
moderately in both groups (+4%), and there were 2 cases 
of hypercreatininemia—1 in a patient from the S/A 
group (175 umol/liter), and 1 in a patient from the enala- 
pril group (185 wmol/liter). Although serum uric acid 
was significantly increased in the S/A group (p <0.01), 
this did not result in any apparent clinical repercussions. 
All other laboratory values remained unchanged. 
Adverse reactions (1 or more) were reported by 27 
patients in the S/A group and by 32 in the enalapril 
group (Table V). These consisted mainly of gastrointesti- 
nal symptoms (5.4%) for the S/A group, and orthostatic 
hypotension (7.4%), dizziness (without confirmed hypo- 
tension, 6.4%), gastrointestinal symptoms (6.4%) and 
headache (5.3%) for the enalapril group. There was a 
difference (220 mm Hg) between supine and standing 
systolic BP in 6 patients in the S/A group and in 13 in the 
enalapril group. Adverse reactions leading to patient 
withdrawal from the study are listed in Table VI. 


DISCUSSION 
After 8 weeks of treatment, S/A and enalapril re- 
duced BP to about the same extent (S/A group, supine 


Supine DBP 
C S/A group 


E Enalapril group 


Wk4 Wk8 


systolic and diastolic BP, —15/—16%; enalapril group, 
supine systolic and diastolic BP —13/—16%) and in about 
the same percentage of patients (S/A, 71%; enalapril, 
73%). The S/A combination proved more effective than 
enalapril in older patients (more than 50) and, in women, 
supine diastolic BP decreased more with the combination 
than with the ACE inhibitor regardless of age (Table 
VII). In contrast, supine diastolic BP was better con- 


TABLE Ill Age-Related Relative Variations in Supine Diastolic 
Blood Pressure 


Age 


> 50 Years 
(n = 126) 


< 50 Years 
(n = 39) 


S/A group (n = 78) 
Enalapril group (n = 87) 


Analysis of variance 

Age effect 

Treatment effect 

Age X treatment interaction 


S/A = spironolactone /altizide 


TABLE IV Laboratory Values Before and After Eight Weeks of Treatment 


pironolactone + Altizide 


Before 
Treatment 


Parameter (n = 92) 


Serum 
Sodium (mmol /liter) 
Potassium (mmol /liter) 
Creatinine (umol /liter) 
Chloride (mmol /liter) 
Glucose (mmol /liter) 
Cholesterol (mmol/liter) 
Triglycerides (mmol /liter) 
Uric acid (umol /liter) 


140.1 + 2.3 
4.16+0.31 
95.8+ 18.7 

101.6 3.5 

5.5+0.9 
5.8+1.3 
1.4 + 0.6 
327.9 + 83.6 


Urine 
Sodium (mmol /24 hours) 
Potassium (mmol /24 hours) 


129.64+71.9 
56.44 21.6 


* Significant difference (p <0.05) vs pretreatment value. 
* Significant difference (p <0.01) between 2 treatments. 
* Significant difference (p <0.01) vs pretreatment value. 
8 Significant difference (p <0.05) between 2 treatments. 
Values are expressed as mean + standard deviation. 
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Enalapril 


Before 


After 8 Weeks 
(n = 85) 


139.6 + 2.6 
4.07 + 0.36*t 
98.3 + 20.6* 

100.6 + 3.8* 

5.5 liz 

591.1 

So ETA OI deg 
349.5 + 108.7+-$ 


156.9 + 93.9# 
68.9 + 21.3+8 


Treatment 
(n = 94) 


140.5 + 2.7 
4.19+0.36 
90.7 + 19.6 

101.54 3.2 

5.5+ 1.0 
5.9 + 1.1 
1.6+0.9 

320.2 + 83.3 


136.7 + 83.7 
55.3+ 21.0 


After 8 Weeks 
(n = 88) 


140.0 + 3.0 
4.28 +0.44*-t 
93.9 + 23.0* 

101.64 3.7 

5.3: £0 
A im R Dr 
1.7+1.0 

303.8 + 79.98 


135.9 + 66.1* 
60.3 + 23.5* $ 





TABLE V Adverse Reactions 


Spironolactone 
+ Altizide 
(n = 92) 


Enalapril 
(n = 94) 


Reaction No. 


Ageusia 

Allergy (edema + cutaneous eruption) 
Anorexia 

Asthenia 

Cutaneous reactions 
Dizziness, vertigo, lipothymia 
Gastrointestinal symptoms 
Gynecomastia 

Headache 

Libidinal disturbances 
Muscle cramps 
Nervousness, anxiety 
Orthostatic hypotension 
Palpitations, tachycardia 
Paresthesia, dysesthesia 
Precordialgia 

Sweating 

Malaise 


—-F ONWWeENMK RONA e WON] 
=a OFF h NON m TOD DK RKO 


WwW 
Ww 
D> 
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Total no. of reactions 


TABLE VI Adverse Reactions Leading to Withdrawal from 
the Study 


Adverse Effects 
Enalapril Group 
(n = 94) 


Adverse Effects 
S/A Group* 
(n = 92) 


Headache, vertigo 
Cutaneous eruption 
Asthenia 

Gastrointestinal intolerance 


Vagal malaise 

Gastrointestinal intolerance 

Vertigo 

Asthenia, gastrointestinal 
intolerance 

Dysesthesia in lower limbs 


* Spironolactone /Altizide 


TABLE VII Sex-Related Relative Variations in Supine 
Diastolic Blood Pressure 


Men 
(n =99) 


S/A group (n = 79) 
Enalapril group (n = 87) 
Analysis of variance 

Sex effect 

Treatment effect 

Sex X treatment interaction 


S/A = spironolactone / altizide. 


trolled with enalapril than with the diuretics in patients 
younger than 50. The comparable results obtained with 
the 2 study drugs confirm previous results from a smaller 
clinical trial of 20 patients! and from 2 large, multicenter 
studies. !3-14 

Although evidence of the efficacy of diuretics in hy- 
pertension is overwhelming, their mechanism of action 
remains incompletely elucidated. In particular, the effec- 


tiveness of thiazides is only partially explained by their 
diuretic action. For example, the antihypertensive and 
natriuretic dose-effect curves are not the same; however, 
antihypertensive effects independent of sodium depletion 
have not been demonstrated. Similarly, efficacy of spi- 
ronolactone cannot be solely explained by its diuretic (the 
natriuresis is modest) or hormonal action (hyperaldoste- 
ronism is not implicated in essential hypertension). In 
addition to the vasodilatory effect of spironolactone,!5 
recent studies suggest that aldosterone antagonists exert 
a direct vascular action by modification of sodium influx 
in the arterial smooth muscle cells.!© Moreover, the inhi- 
bition of slow calcium channels by spironolactone has 
been shown to occur at different receptor sites from those 
of dihydropyridine and phenylalkylamine.!’ 

In this study, the variations in biologic parameters, 
such as serum creatinine, serum potassium, blood glucose 
or lipid values, were comparable for S/A and enalapril. 
The increase in urinary excretion of uric acid usually 
found with diuretics, except for spironolactone,7:!8:!9 re- 
mained moderate, and clinically insignificant. The inci- 
dence of adverse reactions was similar for the 2 antihy- 
pertensive agents used in this study. 

In conclusion, the S/A fixed-dose combination and 
enalapril were found to be equally safe and effective in 
the treatment of moderate hypertension. The long clinical 
experience with spironolactone and altizide and their 
proven ability to reduce long-term cerebrovascular com- 
plications make them the drug of choice for initial thera- 
py of mild to moderate hypertension without renal in- 
volvement, especially in patients older than 50. 


REFERENCES 

1. Amery A, Birkenhager W, Brixko P, Bulpitt C, Clement D, Deruyttere M, 
DeSchaepdryver A, Dollery C, Fagard R, Forette F, Forte J, Hamdy R, Henry 
JF, Joossens JV, Leonetti G, Lund-Johansen P, O’Malley K, Petrie J, Strasser T, 
Tuomilehto J, Williams B. Mortality and morbidity results from the European 
Working Party on High Blood Pressure in the Elderly trial. Lancet 1985;1:1349- 
1354. 

2. (The) IPPPSH Collaborative Group: Cardiovascular and risk factors in a 
randomized trial of treatment based on the beta-blocker oxprenolol: the Interna- 
tional Prospective Primary Prevention Study in Hypertension. J Hypertens 
1985;3:379-392, 

3. Medical Research Council Working Party: MRC trial of treatment of mild 
hypertension: Principal results. Br Med J 1985;291:97-104. 

4. Berglund G, Andersson O. Beta-blockers or diuretics in hypertension? A six 
year follow-up of blood pressure and metabolic side effects. Lancet 1981:1:744- 
747. 

5. Helgeland A. Treatment of mild hypertension: a five year controlled drug trial. 
The Oslo study. Am J Med 1980,;69:725-732. 

6. Veterans Administration Cooperative Study Group on Antihypertensive 
Agents: propranolol or hydrochlorothiazide alone for the initial treatment of 
hypertension: effect on plasma glucose and glucose tolerance. Hypertension 
1985;7:1008-1016. 

7. Corvol P, Menard J. Spironolactones. Sem Hôp Paris 1987;63:1535-1542. 
8. Jeunemaitre X, Chatellier G, Kreft-Jais C, Charru A, Devries C, Plouin P-F, 
Corvol P, Menard J. Efficacy and tolerance of spironolactone in essential hyper- 
tension. Am J Cardiol 1987,;60:820-825. 

9. Scherstén B, Thulin T, Kuylenstierna J, Eugstrém M, Karlberg BE, Tolagen 
K, Nordlander S, Nilsson G. Clinical and biochemical effects of spironolactone 
administered once daily in primary hypertension: Multicenter Sweden Study. 
Hypertension 1980;2:67 2-679. 

10. Galezowski N. L’énalapril: un nouvel inhibiteur de l’enzyme de conversion de 
l'angiotensine dans le traitement de I’hypertension artérielle. Information Cardiol 
1984;October:86 1-865. 

11. Gavras H, Biollaz J, Waeber B, Brunner HR, Gavras I, Davies RO. Antihy- 
pertensive effect of the new oral angiotensin converting enzyme inhibitor “MK- 
421.” Lancet 1981;2:543-546, 

12. Gibelin P, Durand Ph, Baudouy M, Camous J-P, Morand Ph. Efficacité et 


THE AMERICAN JOURNAL OF CARDIOLOGY JUNE 19,1990 31K 





A SYMPOSIUM: ROLE OF ALDOSTERONE AND ALDOSTERONE ANTAGONISM IN CARDIOVASCULAR MEDICINE 


tolérance de l’énalapril comparées à celles de l’altizide associée a la spironolactone 
chez des patients atteints d’hypertension artérielle modérée. Ann Cardiol Angeiol 
1986;35:279-283. 

13. Helgeland A, Strommen R, Hagelund CH, Tretli S. Enalapril, atenolol, and 
hydrochlorothiazide in mild to moderate hypertension: a comparative multicenter 
study in general practice in Norway. Lancet 1986;1 °87 2-875. 

14. Vidt DG. A controlled multiclinic study to compare the antihypertensive 
effect of MK-421, hydrochlorothiazide, and MK-421 combined with hydrochloro- 
thiazide in patients with mild to moderate essential hypertension. J Hypertens 
1984;2:suppl 2:81-88. 

15. Meyer-Heine A, Ansquer JC, Hayoun C, Lagrue G. Le mécanisme d’action 
d’un hypotenseur étudié par l’analyse du carotidogramme. Application aux antial- 


32K THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


dostérones. Therapie 1981 ;36:623-630. 

16. Moura A-M, Angeli M, Worcel M. Extrarenal effects of aldosterone and 
antimineralocorticoid compounds: mechanism of action on arterial smooth mus- 
cle. Kidney Int 1988;34:S8-S11. 

17. Dacquet C, Loirand G, Mironneau C, Mironneau J, Pacaud P. Spironolac- 
tone inhibition of contraction and calcium channels in rat portal vein. Br J 
Pharmacol 1987 ;92:535-544. 

18. Crane MG, Harris JJ. Effect of spironolactone in hypertensive patients. Am J 
Med Sci 1970;260:311-330. 

19. Lawrie TDV, Lorimer AR, Jones RW, Kidner PH, James IM, Cummin P, 
Joy MD, Kubik MM, Bennet PN, Lewis LD. Spironolactone and propranolol in 
the management of idiopathic hypertension. Acta Ther | 984;10:257-270. 









The addition of enalapril or acebutolol to a regimen 


of altizide + spironolactone in patients with moder- 
ate hypotension was investigated in a multicenter 
study of 53 patients. The patients underwent 
semiambulatory 24-hour blood pressure monitor- 
ing, especially to observe hypotensive episodes. In 
the 25 patients uncontrolled with altizide + spiro- 
nolactone alone, enalapril and acebutolol were 
about equally effective in reducing blood pressure. 
The incidence of hypotension was low and compa- 
rable for both treatment groups, provided that the 
initial dose of angiotensin-converting enzyme inhib- 
itor was low (5 mg). 

(Am J Cardiol 1990;65:33K-35K) 
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iuretics are the most frequently prescribed anti- 
hypertensive drugs because they are considered 


safe, effective and well tolerated.'? However, 
they may not by themselves suffice to control hyperten- 
sion, at which time they are often used in combination 
with other drugs, such as angiotensin-converting enzyme 
(ACE) inhibitors. The antihypertensive effects of thia- 
zide or loop diuretics are to some extent blunted by the 
diuretic-induced stimulation of the renin-angiotensin-al- 
dosterone system,*-* resulting in increased renin secretion. 
ACE inhibitors block this mechanism, and thus potenti- 
ate the antihypertensive effect. This can result in signifi- 
cant hypotension.’ On the other hand, the combination of 
8 blockers and diuretics is known to be both safe and 
effective.° This study was performed to compare the safe- 
ty and efficacy (with emphasis on hypotension) of the 
addition of an ACE inhibitor (enalapril) or a 8 blocker 
(acebutolol) to a therapeutic regimen consisting of alti- 
zide and spironolactone (A/S). 


METHODS 

A randomized, open, multicenter study was per- 
formed to investigate the hypotensive action of the addi- 
tion of enalapril (5, 10 and 20 mg) or acebutolol (400 mg) 
to a regimen consisting of A/S in patients with moderate 
hypertension. This was investigated using 24-hour ambu- 
latory blood pressure (BP) monitoring. 

Fifty-three hypertensive patients (95 mm Hg [diastol- 
ic BP <120 mm Hg] and 160 mm Hg systolic BP [<190 
mm Hg]) were treated for 4 weeks with A/S (1 tablet per 
day, 15 mg altizide + 25 mg spironolactone). BP was 
normalized in 23 of the 53 patients (diastolic BP <90 mm 
Hg and systolic BP <160 mm Hg) at the end of the 4 
weeks (Table I). In this group, supine BP decreased from 
173 + 15 mm Hg (systolic) and 100 + 11 mm Hg 
(diastolic) to 143 + 16 and 86 + 8 mm Hg, respectively. 

Semiambulatory (Bard-Sentron™) 24-hour BP moni- 
toring was continued in patients whose BP was inade- 
quately controlled (n = 25). After 1 week of monitoring, 
patients were randomly assigned to the different treat- 
ment groups: A/S + enalapril 20 mg (n=7); A/S + 
enalapril 10 mg (n = 7); A/S + enalapril 5 mg (n = 5); 
or A/S + acebutolol 400 mg (n = 6). BP monitoring was 
continued. 

These 25 patients consisted of 6 men and 19 women, 
average age 50 + 11 years. Mean supine BP was 180 + 
14 mm Hg (systolic) and 106 + 9 mm Hg (diastolic). 
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TABLE I Blood Pressure Values Before and After Treatment 
with A/S in Patients Controlled by the A/S Combination 
(n = 23) 


Treatment 


After 4 Weeks 
(mm Hg) 


Supine 
SBP 173Æ 15 143 + 16 
DBP 100+ 11 86+8 
Upright 
SBP 170+13 142+ 18 
DBP 101 11 8549 
Values are expressed as mean + standard deviation. 
A/S = altizide + spironolactone; DBP = diastolic blood pressure; SBP = systolic 
blood pressure. 


TABLE Il Demographic and Clinical Parameters of Patients 
(n = 25) in the Two (Enalapril and Acebutolol) Treatment 


Groups 


Men 6 (24%) 
Women 19 (76%) 
Age (yr) 49.9+ 10.8% 
Weight (kg) 70+14 
SBP, supine (mm Hg) 180+ 14 
SBP, upright (mm Hg) 183 + 16 
DBP, supine (mm Hg) 106 + 14 
DBP, upright (mm Hg) 108+9 


Values are expressed as mean + standard deviation. 
DBP = diastolic blood pressure; SBP = systolic blood pressure. 





[|| Enalapril 
Acebutolol 


FIGURE 1. Relative variations in mean blood pressure over 24 
hours before and after treatment with enalapril and altizide/ 
spironolactone or acebutolol + altizide/spironolactone. A sig- 
nificant decrease occurred in blood pressure after the addition 
of enalapril or acebutolol (p <0.001). No significant difference 
was seen between the 2 treatment regimens. DBP = diastolic 
blood pressure; SBP = systolic blood pressure. 

















































TABLE Ili Biochemical Parameters for the Two Treatment 
Groups (n = 25) 


Parameter Value 


Serum creatinine («mol /liter) 80.7 + 18.0 
Serum sodium (mmol /liter) 141+2 
Serum potassium (mmol /liter) 4040.5 
Serum glucose (mmol /liter) 5.8+1.2 
Serum uric acid (umol /liter) 325 + 85 
Serum protein (g/liter) 7345 
Hematocrit (%) 44+ 4 
Urine sodium concentration (mmol /liter) 94 + 49 
Plasma renin activity (ng/ml /hour) 1.63 + 1.74 





Mean serum creatinine was 81 + 18 umol/liter, mean 
natriuresis every 24 hours was 94 + 49 mmol/liter, and 
mean plasma renin activity was 1.6 + 1.7 ng/ml/hour 
(Tables II and III). 


RESULTS 
With enalapril or acebutolol, mean BP over 24 hours 


decreased significantly (p <0.001) and in comparable 
fashion for the 2 drugs (enalapril, —15 + 0.10% systolic, 
—12 + 0.10% diastolic; acebutolol, —11 + 0.07% systolic, 
—8 + 0.10% diastolic) (Fig. 1, Table IV). 

The 2 treatment groups were comparable in terms of 
incidence of hypotensive episodes per 24 hours during the 
period they were treated with A/S alone. Hypotension, as 
recorded by 24-hour BP monitoring, was defined as a 
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TABLE IV Relative Variations in Mean Blood Pressure Over 
24 Hours Before and After Treatment 


Enalapril Group Acebutolol Group Total 
(n = 19) (n = 6) (n = 25) 
SBP —0.15+0.10 —0.11 + 0.07 —0.14 + 0.09* 
DBP —0.12 4 0.10 —0.08 + 0.10 —0.11 + 0.10* 
* Significant difference between values (p <0.001) before and after treatment. No 


significant difference between the 2 treatment groups. 
DBP = diastolic blood pressure; SBP = systolic blood pressure. 


TABLE V Difference (A) Between the Number of 


Hypotensive Episodes Occurring with the Enalapril and 
Acebutolol Treatment Groups Versus the Altizide / 
Spironolactone (A/S) Group 


E Group A Group 
(n = 19) (n= 6) 


Over 24 hours* +0.54+2.5 +0.54+2.4 
From 0 to 6 hours* +0.3+0.9 —0.3+0.8 
From 6 to 12 hours* —0.341.1 +0.341.2 
From 12 to 18 hours* +0.441.1 +0.5 £1.2 
From 18 to 24 hours* 0+0.7 0+0.6 


* After dosing. 
A = acebutolol; E = enalapril; NS = not significant; pı = difference between enalapril 


and acebutolol groups; pə = difference between enalapril or acebutolol + A/S (togeth- 
er) and A/S alone. 








decrease of at least 15% in systolic or diastolic BP vs the 
previous value. Once enalapril and acebutolol were add- 
ed, the incidence of hypotension continued to be similar 
with all therapeutic regimens, but the 24-hour distribu- 
tion varied slightly (Table V). There were more hypoten- 
sive episodes in the 12 pm to 6 pm period in the groups 
treated with A/S + enalapril or acebutolol (p = 0.05) 
than in the group treated with A /S alone. In addition, in 
the first 6 hours after dosing, hypotensive episodes ap- 
peared to be more frequent in the enalapril (+0.3 + 0.9) 
than in the acebutolol group (—0.3 + 0.8) (p = 0.13). 
Clinically, 3 patients had symptoms of hypotension. One 
was receiving enalapril, 20 mg, and the other two, 10 mg 
enalapril + A/S. The mean change in plasma renin activ- 
ity before treatment and after 5 weeks of treatment with 
A/S was +3.2 ng/ml/hour in the 3 patients experiencing 
clinical hypotension vs +1.9 ng/ml/hour in the other 
patients. Hypotensive episodes were apparent on the 24- 
hour BP recording in 1 patient in 3. 


CONCLUSION 
Overall, the addition of enalapril or acebutolol to an 
A/S regimen was well tolerated and did not increase the 


incidence of episodes of hypotension. Thus, addition of an 
ACE inhibitor such as enalapril is an alternative for pa- 
tients who do not respond sufficiently to altizide + spiro- 
nolactone, although, because of the potential for sodium 
depletion, it would be prudent to keep the dose of the 
ACE inhibitor low (5 mg), especially during drug initia- 
tion. 
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pets es T a i 
In a double-blind, randomized, multicenter study of 
194 patients with moderate hypertension, spirono- 
lactone and nifedipine were found to reduce blood 
pressure (BP) to about the same extent and in the 
same percentage of patients after 45 days of treat- 
ment (47 and 50%, respectively). At that point, the 
patients controlled by either drug continued on 
their regimen for another 45 days, while patients 
whose BP was still elevated (diastolic BP >90 mm 
Hg), received the other drug in addition. After 45 
days of combination therapy, 63% of the patients 
had normal BP, whereas those receiving monother- 
apy largely remained normotensive (96% in the 
spironolactone group and 88% in the nifedipine 
group). The adverse effects were not severe with 
either group, but the incidence was markedly high- 
er in the nifedipine group. 

(Am J Cardiol 1990;65:36K-38K) 
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used alone or in combination, has been amply dem- 

onstrated.'-3 A review of published reports of the 
last 20 years shows that spironolactone is especially effec- 
tive when hypertension is associated with low renin levels, 
and when the elevated blood pressure (BP) is specifically 
responsive to aldosterone antagonists.*> Spironolactone is 
often used in combination with other diuretics, especially 
thiazides,3+© or with other types of antihypertensive 
agents with good results.” This study was conducted to 
(1) compare the safety and antihypertensive effectiveness 
of a potassium-sparing diuretic such as spironolactone 
with that of a calcium channel blocker (nifedipine), and 
(2) evaluate the safety and efficacy of the 2 drugs used in 
combination. 


T» antihypertensive effect of spironolactone, 


METHODS 

A double-blind, randomized, multicenter study was 
conducted over a 90-day period to evaluate the safety and 
efficacy of spironolactone and sustained-release nifedi- 
pine in 184 patients with moderate essential hypertension 
(165 mm Hg [<200] systolic and 100 mm Hg [<120] 
diastolic BP). Characteristics of the 2 patient groups are 
summarized in Table I. The study was preceded by a 4- 
week washout period, after which the patients (92 in each 
group) were treated with either spironolactone (75 mg/ 
day) or sustained-release nifedipine (40 mg twice daily). 
At the end of 45 days of monotherapy either spironolac- 
tone or nifedipine was added to the treatment for those 
patients whose BP remained elevated. The effectiveness 
of the monotherapy and the combination treatment was 
evaluated again after another 45 days (90 days total). 


RESULTS 

After 45 days of single-drug treatment, BP remained 
elevated (diastolic BP >90 mm Hg) in 72 patients; they 
then began therapy with the other drug in addition to the 
one they were already taking. At day 45, the decrease in 
BP and the percentage of patients whose BP had normal- 
ized with the single drug (diastolic BP <90 mm Hg) were 
comparable for the 2 drugs (47% in the spironolactone 
group, 50% in the nifedipine group) (Table II). At the 90- 
day follow-up, the patients (967% of the spironolactone 
group and 88% in the nifedipine group) had maintained 
their lower pressures. 

Of the 72 patients who required concomitant treat- 
ment with spironolactone or nifedipine, BP in 63% 
reached normal levels after 45 days of combination thera- 
py (Fig. 1, Tables II and ITI). 








TABLE I Characteristics of Patient Groups 


Spironolactone Nifedipine 
Group Group Total 
(n = 85) (n=77) (n = 162) p 














Spironolactone group 
(n=90 





































Age (yr) 60 + 10 58+11 59+ 10 NS 

Men 55% 56% 55% 

Women 45% 44% 44% ia Nifedipine group 

Duration of hyper- 344.5 444 3.644 NS (n=86) 
tension (yr) 

Height/weight 2+0.3 2+0.3 2+0.3 NS 

Sup SBP (mmHg) 177+10 178411 178410 NS 

Sup DBP (mm Hg) 10545 106 +6 106 + 5.5 NS 

Std SBP (mmHg) 17549 176+10 176+9 NS 

Std DBP (mmHg) 1055 106+6 106 + 5.5 NS 


Serum potassium 4.27 + 0.36 4.22 +0.35 4.24+0.35 NS 
(mmol/liter) 

Serum creatinine 91.2 + 18.3 91.5+20.7 91.4+19.5 NS 
(umol /liter) 








DBP = diastolic blood pressure; NS = not significant; SBP = systolic blood pressure; Spironolactone group 
std = standing; sup = supine. 


(n=45) 































Laboratory values: Serum potassium varied only 
minimally in the spironolactone group (+0.2 mmol/li- 
ter). Plasma glucose was slightly increased in both groups 
(+0.2 mmol/liter). Serum creatinine did not change (Ta- 
ble IV). 

Adverse effects: Adverse effects (1 or more) were FIGURE 1. Percent of patients with blood pressure (BP) nor- 
recorded in 15% of the patients in the spironolactone alized (supine diastolic BP <90 mm Hg) with spironolactone 


è k ‘ an Ta nifedipi alone ther £ r 
group and in 47% of patients in the nifedipine group. In Bp at day 4! (monotherapy). (A), percent with normal 


aky ari A i l BP at day 45; (B), percent with reduced BP at day 45 and still 
the nifedipine group these consisted chiefly of flushing or normal at day 90. 


heat sensation (22%), peripheral edema (20%), erythema 

(8%) and headache (7%), whereas in the spironolactone tients were absent for the control visits of day 45 or day 
group gastrointestinal distress was experienced by 4%. In 90, but not lost at follow-up. The patients who withdrew 
the patients receiving both nifedipine and spironolactone, because of adverse effects were counted as treatment 
1 or more adverse effects were recorded in 21%. The most failures in the analysis of the results. 

frequent were peripheral edema (11%) and erythema 

(6%) (Table V). Three patients in the spironolactone CONCLUSIONS 

group and 10 in the nifedipine group withdrew from the After 6 weeks of treatment, spironolactone (75 mg/ 
study because of untoward effects. In addition, 12 pa- day) and sustained-release nifedipine (40 mg twice daily) 





TABLE Il Blood Pressure Before and After Monotherapy with Spironolactone or Nifedipine 


Spironolactone Sustained-Release Nifedipine 


Baseline Day 45 Baseline Day 45 
(n = 92) (n = 85) (n = 92) (n=77) 


SBP (sup) 177+10 160 + 17* 144+ 13* 178+ 11 158 + 16* 150 + 10* 
SBP (std) 17549 157 + 18* 142+ 14* 176+10 155+ 16* 146+ 7* 
DBP (sup) 106+5 93 + 10* 84 + 6* 106 +6 91:+.10* 86 + 6* 
DBP (std) 105+ 5 93 + 10* 85 + 6* 106+ 6 922 Ti" 86 + 6* 


* Significant difference vs baseline (p < 0.001). 
Abbreviations as in Table I. 
Values are expressed as mean + standard deviation. 





TABLE Ill Changes in Blood Pressure After 45 Days of Combination Therapy with Spironolactone + Nifedipine 







SBP (sup) DBP (sup) SBP (std) DBP (std) 


Spironolactone + nifedipine —0.08 + 0.07* —0.10 + 0,09* —0.09 + 0.08* —0.11 +0.09* 
(n = 72) 







* Significant difference vs control blood pressure value before initiation of combination therapy (p < 0.001). 
Abbreviations as in Table |. 
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TABLE IV Laboratory Values Before and After Treatment with Spironolactone or Nifedipine 


Spironolactone 


Baseline 
(n =92) 


140+3 
4.2 +0.4 
102 +3 
5.50.8 
59E 1.1 
1.47 + 0.83 
316 +96 
92.6 + 17.5 


Serum sodium (mmol/liter) 
Serum potassium (mmol/liter) 
Serum chloride (mmol/liter) 
Plasma glucose (mmol/liter) 
Serum cholesterol (mmol/liter) 
Serum triglycerides (mmol/liter) 
Serum uric acid (umol /liter) 
Serum creatinine (umol /liter) 
* Significant difference between the 2 drugs (p < 0.05). 


' Significant difference vs before treatment (p < 0.05). 
Values are expressed as mean + standard deviation. 


TABLE V Adverse Effects 


Nifedipine 
Group 
(n =92) 


NM 


Tinnitus 
Weakness 
Dry mouth 
Flushing, heat 
sensation 
Headache 
Erythema 
GI distress 
Syncope 
Nausea 
Peripheral edema 
Tachycardia 
Tremor 
Dizziness 
Other 


Total 


N 
ON NM 


— 
ONMNNN OLAYNENNO 


N 
N 


were found to have comparable efficacy, both in terms of 
antihypertensive action and in the number of patients 
achieving controlled BP. Concomitant treatment (spiro- 
nolactone + nifedipine) normalized BP in 63% of patients 
whose BP could not be controlled with either agent alone; 
however, the incidence of undesirable side effects was 
markedly higher with sustained-release nifedipine than 
with spironolactone. 
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Sustained-Release Nifedipine 


Baseline 
(n = 92) 


Day 45 
(n = 85) 


Day 45 
(n=77) 


141 + 2* 
4.2+0.4* 
103 + 3* 
5.6+0.7' 
6.0+ 1.1 
1.51 +0.76t 
293 + 78*t 
90.6 + 20.3 


141 +2 
4.2 +40.4 
103 + 3 
5.4+0.7 
6.142 
1.44 + 0.69 
312 +87 
91.2 + 20.0 


140 + 2*1 
45+0.4*1 
102 + 3* 
5.74 1.31 
6.0+1.0 
1.50 + 0.84 
318 + 92*t 
92.3 4 17.3t 


Spironolactone + Nifedipine 
Group 
(n= 72) 


Spironolactone 
Group 
(n = 92) 


% Group 


% Group 
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GI = gastrointestinal. 
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PART 3: CONSIDERATIONS OF ALDOSTERONE IN CONGESTIVE HEART FAILURE, ARRHYTHMIAS AND 


SUDDEN CARDIAC DEATH 


Editorial Overview 


Alain Castaigne, MD 


he introduction of potent diuretics in the treatment 
of congestive heart failure caused a significant 
change in the clinical course of this disease.' Sub- 
sequent clinical trials have been aimed at the evaluation 
of new therapeutic approaches to the treatment of cardiac 
failure—in particular the evaluation of combination ther- 
apy: diuretics alone vs diuretics combined with newer 
therapy. This is particularly the case with vasodilators.” 
The question is not whether there is another first-line 
drug for the treatment of heart failure* but rather which 
drug should be added to the diuretic therapy.° 
Some perspective on therapy with diuretics comes 
from their use in treating hypertension. In the treatment 
of hypertension, it has been shown repeatedly that antihy- 
pertensive regimens using diuretics as a first step are 
effective in reducing total mortality, stroke and conges- 
tive heart failure.’ The Hypertension Detection and Fol- 
low-up Program showed that better control of blood pres- 
sure reduced not only total mortality but also mortality 
due to cardiovascular diseases and stroke.®? In the study, 
the special intervention group received diuretics as the 
first-step drug. An impressive regression of left ventricu- 
lar hypertrophy was observed.!° Currently, only diuretics 
reduce total mortality and left ventricular hypertrophy 
(the 2 main objectives of antihypertensive treatment). 
The main concern when using loop and thiazide diu- 
retics is potassium and magnesium depletion.'! This ef- 
fect is linked to the stimulation of the renin-angiotensin- 
aldosterone system.'? Activation occurs during the treat- 
ment of essential hypertension by thiazide diuretics but is 
much more pronounced in patients with heart failure’? 
where the renin-aldosterone system is activated as part of 
the neuroendocrine adaptation to low cardiac output.'* 
The introduction of loop or thiazide diuretics induces or 
increases the activation of the renin-angiotensin-aldoste- 
rone system, resulting in a decrease in plasma potassium 
and magnesium.'> Hypokalemia and hypomagnesemia 
can be corrected most effectively by using antialdosterone 
compounds. !6 
Spironolactone is the prototype of a unique class of 
pharmacologic agents that act purely as competitive in- 
hibitors of aldosterone and, in our opinion, must be a part 
of any diuretic treatment program. It may be used as 
first-line treatment,'’ or as a part of combined diuretic 
regimens with thiazides or furosemide in hypertension or 
congestive heart failure. 


From the Cardiology Department, Hôpital Henri Mondor, Créteil 
France. 

Address for reprints: Alain Castaigne, MD, Cardiology Depart- 
ment, Hôpital Henri Mondor, 94010 Créteil, France. 


Diuretics decrease elevated blood pressure and relieve 
the symptoms of dyspnea and edema in congestive heart 
failure. They may also slow the progression of congestive 
heart failure. In hypertension, diuretics reduce the inci- 
dence of overt heart failure®:’ and induce a regression of 
left ventricular hypertrophy!°—the main sign of left ven- 
tricular dysfunction resulting from hypertension. 

In congestive heart failure, blood pressure is often said 
to be “normal,” but according to Laplace’s Law, normal 
blood pressure in the presence of a dilated left ventricle 
must result in an increase in systolic wall tension. Thus, 
even “normal” blood pressure may in fact be too high!” 
and is maintained by the activation of the noradrenergic 
and renin-angiotensin-aldosterone systems!* and by 
chronic sodium retention which increases vascular stiff- 
ness.!? Diuretics, by reducing blood pressure and prevent- 
ing sodium retention, decrease left ventricular pre- and 
afterload and may slow the progression of left ventricular 
failure. 

Diuretics should therefore remain a first choice in the 
treatment of hypertension and heart failure. Using spi- 
ronolactone alone or in combination with a thiazide or 
furosemide avoids the main unwanted effect of these 
agents—hypokalemia and hypomagnesemia—and it is 
for this reason that this drug is so widely used in many 
countries. It has been the leading diuretic in Japan and 
France for several years. 
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Short- and Long-Term Mechanisms of Sudden 
Cardiac Death in Congestive Heart Failure 


Richard H. Helfant, MD 


This report presents an overview of the problem of 


treating congestive heart failure. Emphasis is on 
the arrhythmia component and the complex interre- 
lationships of critical electrolytes and pathophysio- 
logic factors that can lead to sudden cardiac death. 
(Am J Cardiol 1990;65:41K-—43K) 


From Cedars-Sinai Medical Center, and UCLA School of Medicine, 


Los Angeles, California. 
Address for reprints: Richard H. Helfant, MD, Cedars-Sinai Medi- 
cal Center, 8700 Beverly Boulevard, Los Angeles, California 90048. 


lar arrhythmia and sudden cardiac death in pa- 
tients with congestive heart failure (CHF) is com- 
pelling because of the high percentage of sudden unex- 
pected deaths. Studies using 24-hour ambulatory moni- 
toring indicate that 60 to 90% of patients with CHF have 
frequent or complex ventricular ectopy; approximately 
40 to 60% have nonsustained ventricular tachycardia.' In 
addition, 33 to 45% of all deaths in patients with CHF are 
sudden and unexpected, and more recent estimates ap- 
proach 50%. Thus, the frequency of sudden unexpected 
death is greater in patients with CHF than in any other 
definable subset of patients in cardiovascular medicine. 
When sufficient myocardial damage is sustained to 
cause a decreased cardiac output, several compensatory 
mechanisms become activated. They may include an in- 
crease in sympathetic activity, and an increased activa- 
tion of the renin-angiotensin-aldosterone system. Once 
activated, the compensatory mechanisms can then lead to 
excessive vasoconstriction and retention of sodti‘m and 
water. In addition, several of these compensatory mecha- 
nisms may induce changes in intracellular and extracellu- 
lar electrolytes (Fig. 1). 


ck magnitude of the problem of severe ventricu- 


IMPORTANT ROLE OF ALDOSTERONE 

In the early stages of cardiac failure, the heart is able 
to respond to the compensatory mechanisms. However, 
these mechanisms eventually lead to an increase in pre- 
load and afterload, further compromising cardiac func- 
tion. The renin-angiotensin-aldosterone system becomes 
further activated by continued low cardiac output and 
decreased renal blood flow.? 

The deleterious potential of these changes and con- 
comitant therapy is suggested in Figure 2. The stimula- 
tion of the renin-angiotensin-aldosterone system with in- 
creased circulating aldosterone causes the distal renal 
tubules to secrete potassium, resulting in increased uri- 
nary potassium loss. The vigorous use of diuretics, espe- 
cially the more potent loop diuretics, further stimulates 
the release of aldosterone, and can be additive leading to 
hypokalemia, thus increasing the risk of ventricular ar- 
rhythmias. 

Not only does aldosterone play a key role in terms of 
potassium metabolism, but it also relates to magnesium 
metabolism. In clinical studies the administration of in- 
travenous aldosterone resulted in increased urinary ex- 
cretion of magnesium ions.’ In this context, hypokale- 
mia and hypomagnesemia, or some combination thereof, 
predispose the patient to increased ventricular ectopic 
activity.“ 
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+ Left ventricular function 


t Impedance tCardiac output 


Compensatory mechanisms 
tSympathetic activity 
tRenin-angiotensin-aldosterone 


Excessive 
vasoconstriction 
tNa* and H,O retention 





FIGURE 1. Compensatory mechanisms in congestive heart 
failure. H20 = water; |Na* = increased sodium. (Adapted from 
Medical Education Programs, Ltd.?) 


Such a sequence of mechanisms in patients with CHF 
can substantially add to the other already significant 
existing factors predisposing to sudden cardiac death, 
which is the terminal event in up to 50% of patients with 
CHF.! These significant ramifications have had an in- 
creasing impact on therapeutic decision-making, and on 
the increased recognition of the practicing physician to 
the importance of monitoring and managing serum elec- 
trolytes, since this is one of the few correctable factors in 
these patients. 

Figure 3 further illustrates the complex interactions of 
the multiple factors exacerbating ventricular arrhyth- 
mias in patients with CHF. 

Therapeutic agents, from diuretics to inotropic drugs, 
such as digitalis and antiarrhythmic drugs—which can 
frequently be proarrhythmic in this context—can inter- 
act with neurohormonal changes to cause life-threatening 
arrhythmias. 

Angiotensin II may also exacerbate electrolyte-relat- 
ed ventricular ectopy by promoting aldosterone-mediated 
losses of potassium and magnesium by the kidney, or 
angiotensin II may be directly proarrhythmic in its ability 
to potentiate the central and peripheral actions of the 
sympathetic nervous system. Consequently, both neuro- 
hormonal systems not only aggravate ventricular loading 
conditions by causing systemic vasoconstriction, but also 
may induce ventricular tachyarrhythmias by their direct 
and indirect actions on myocardial conduction and excit- 
ability.° 


ELECTROLYTE CHANGES AND 
ARRHYTHMOGENIC POTENTIAL 

The importance of electrolyte changes and their ar- 
rhythmic potential has been increasingly recognized. In 
hypertensive patients, Holland et alf reported that 7 of 21 
patients with mild hypertension, being treated with a 
thiazide diuretic, exhibited an increase in both the fre- 
quency and the complexity of ventricular ectopic activity 
on Holter monitoring. The ventricular ectopic activity 
normalized with potassium repletion therapy. Hollifield 
and Slayton” performed a series of studies relating out- 
patient thiazide therapy for hypertension to arrhythmias. 
Ventricular premature contractions (VPCs) with static 
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FIGURE 2. Causes and potential deleterious effects of potassi- 
um (K+) and magnesium (Mg++) depletion in congestive heart 
failure. 


or dynamic exercise were unchanged during the pretreat- 
ment phase. However, with hydrochlorothiazide treat- 
ment, VPCs increased with both static and dynamic exer- 
cise. There also was a clear relation between the frequen- 
cy of VPCs and the serum potassium level. 

Of additional potential importance to the treatment of 
CHF, Hollifield and Slayton‘ also found a correlation 
between the frequency of VPCs and changes in the mag- 
nesium level (Fig. 4). In this study, a significant decrease 
in the frequency of VPCs did not take place with potassi- 
um Or magnesium treatment alone, but did decrease to 
control values with combination potassium/magnesium 
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FIGURE 3. Exacerbation of ventricular arrhythmias. 
CHF = congestive heart failure; K+ = potassium; Mg++ = mag- 
nesium. (Adapted from Am J Med.5) 
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FIGURE 4. Electrolyte changes are linked with ventricular 
premature contractions (VPCs). The greater the change in the 
internal cationic milieu of the body, the greater the probability 
that the physician will see abnormalities in cardiac rhythm. 
This chart correlates the product of the change in serum mag- 


nesium (Mg) and serum potassium (K+) with the occurrence of 
the ventricular premature contractions. The results show that 
a decrease of both potassium and magnesium correlates best 
with diuretic-associated ventricular ectopy. (Adapted from 
London: Royal Society of Medicine.*) 


therapy. These observations suggest that both potassium 
and magnesium are important electrolytes in relation to 
ventricular arrhythmias. 

The relation of serum potassium and ventricular ar- 
rhythmias has also been shown in patients with acute 
myocardial infarction. Studies have demonstrated that 
the frequency of ventricular fibrillation was substantially 
greater in patients with acute myocardial infarction who 
were hypokalemic than in those who were normokale- 
mic.’ 

Antiarrhythmic agents, although frequently adminis- 
tered to patients with CHF who have ventricular arrhyth- 
mias, have been shown to be less valuable in the presence 
of heart failure, with certain antiarrhythmic agents hav- 
ing a greater potential to induce arrhythmias.!° 

Spironolactone can favorably modulate the action of 
aldosterone, resulting in potassium- and magnesium- 
sparing (Fig. 5). Because of the fact that optimizing 
potassium and magnesium serum levels is one of the 
important and controllable variables in this syndrome, 
they should be monitored carefully in patients with 
CHF. 


CONCLUSIONS 

Potassium and magnesium depletion clearly can exert 
direct arrhythmogenic effects. Potassium depletion clear- 
ly can potentiate arrhythmias due to digitalis or catechol- 
amine excess, or both. Certainly, catecholamine excess is 
inherent in advanced heart failure and digitalis continues 
to be an important therapy in advanced heart failure as 
well. In addition, potassium depletion can decrease the 
efficacy of antiarrhythmic drug therapy and may actual- 
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FIGURE 5. Beneficial mechanisms of spironolactone in pa- 
tients with congestive heart failure. Spironolactone competi- 
tively antagonizes the action of aldosterone. The resultant po- 
tassium (K*)-sparing and magnesium (Mg**)-sparing action is 
a logical means of reducing the potential of ventricular ar- 
rhythmias and ameliorating the risk of sudden cardiac death 
in patients with congestive heart failure. 


ly enhance the proarrhythmic potential of antiarrhythmic 
agents. 

Because the treatment of arrhythmias in patients with 
CHF is a serious clinical problem, every effort should be 
made to reduce the predisposing factors leading to in- 
creased arrhythmogenesis, particularly decreased potas- 
sium and magnesium levels. 
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Relation of Cardiovascular Disease to Potassium 
and Magnesium Deficiencies 


Thomas Dyckner, MD 


ale) SPT LEAT ERR nan Re ESE 
Potassium and magnesium deficiencies, particularly 


those induced by conventional loop and thiazide di- 
uretic therapy, have been linked in clinical studies 
to an increased frequency in serious arrhythmias 
and mortality in acute myocardial infarction. Mag- 
nesium repletion has been shown not only to in- 
crease magnesium levels, but also to increase mus- 
cle potassium and to decrease the frequency of 
ventricular ectopic beats. Potassium replenishment 
alone may have a detrimental effect in magnesium- 
depleted patients. The potassium-sparing diuretic 
spironolactone (Aldactone®) has been shown to 
spare both potassium and magnesium, and may 
therefore be a more appropriate diuretic therapy in 
patients at cardiovascular risk. 

(Am J Cardiol 1990;65:44K—46K) 
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magnesium levels has been observed in patients re- 

ceiving digitalis or diuretics. These observations 
point to clinical implications connecting hypokalemia 
and hypomagnesemia with cardiac arrhythmias. 


T clinical importance of both potassium and 


INCREASED RISK OF DIGITALIS-INDUCED 
ARRHYTHMIAS IN PATIENTS WITH 
CONGESTIVE HEART FAILURE 
RECEIVING DIURETICS 

The combination of congestive heart failure (CHF) 
and diuretic therapy may lead to magnesium and potassi- 
um depletion (Fig. 1). If a patient is magnesium-depleted, 
any attempt to replete potassium may be inhibited by 
magnesium depletion. The combination of potassium and 
magnesium depletion has been shown to increase the risk 
for digitalis-induced arrhythmias. Sodium and calcium- 
dependent oscillatory afterpotentials, which contribute to 
digitalis-induced arrhythmias, may also be caused by 
magnesium depletion.’ 


POTASSIUM AND MAGNESIUM 
DISTURBANCES IN PATIENTS WITH 
CONGESTIVE HEART FAILURE 
RECEIVING DIURETICS 

In a recent study? involving 297 patients with CHF 
who were treated with conventional diuretics, biopsy 
specimens of skeletal muscle were obtained, evaluated for 
potassium content and compared with those of normal 
control subjects. Plasma electrolytes were also obtained 
and compared with normal controls. 

Decreased tissue potassium: A comparison of nor- 
mal control subjects and diuretic-treated patients with 
CHF revealed significantly lower levels of skeletal muscle 
potassium in the diuretic-treated group (Fig. 2). Muscle 
potassium levels were below normal in 52% of the diuret- 
ic-treated patients.! In a review of 23 tissue potassium 
studies, decreases in muscle potassium were observed in 
all 23 studies, and in 11 of the 23 the decrease was 
statistically significant.? 

Decreased tissue magnesium: Similar findings were 
seen with muscle magnesium depletion, with low levels of 
muscle magnesium occurring in 43% of the diuretic- 
treated patients with CHF (Fig. 2).' 

Prevalent hypokalemia and hypomagnesemia: In the 
CHF/electrolyte study, hypokalemia was observed in ap- 
proximately 42% of patients with CHF, and hypomagne- 
semia in approximately 37% (Fig. 2).! Among hypokale- 
mic patients in general, hypomagnesemia has been shown 
to occur concurrently in 42% of cases.? 








SERUM POTASSIUM IS NOT 
A PREDICTOR OF POTASSIUM / 
MAGNESIUM DISTURBANCES 

Although these data (Fig. 2) show a correlation be- 
tween potassium and magnesium disturbances, a serum 
potassium determination is considered an unreliable 
method of predicting muscle potassium level, because of 
individual variations between muscle and serum potassi- 
um levels. When serum potassium and tissue potassium 
levels were compared in a recent analysis, no significant 
overall correlations were revealed. 


HYPOKALEMIA PREVALENT AMONG 
DIURETIC-TREATED PATIENTS WITH 
MYOCARDIAL INFARCTIONS 

In patients with cardiovascular disease, diuretic 
therapy has been linked to deficiencies in potassium and 
magnesium. Hypokalemia (i.e., serum potassium <3.5 
mmol/liter) has been shown to occur in approximately 
50% of this population. Among thiazide-treated patients 
with acute myocardial infarctions, hypokalemia has been 
observed in approximately 15% of cases, and the in-hospi- 
tal mortality has been shown to be increased among those 
who were hypokalemic compared with normokalemic pa- 
tients. Furthermore, in patients with acute myocardial 
infarction, serious arrhythmias occurred more frequently 
among the hypokalemic than among normokalemic pa- 
tients.? 


MAGNESIUM: ESSENTIAL TO 
MAINTAINING POTASSIUM 

Study results with potassium replenishment in pa- 
tients who were magnesium-deficient and had CHF have 
shown that the body’s magnesium status plays an impor- 
tant role in potassium metabolism, that potassium sup- 
plementation alone was ineffective in the maintenance of 
intracellular potassium,” and that potassium replenish- 
ment may have a detrimental effect in magnesium-de- 
pleted patients with CHF! 

These study results confirm earlier observations 
by Montgomery, in which malnourished children were 
shown to have decreased muscle potassium and magne- 
sium levels; by Shils,* in which total exchangeable potas- 


Muscle K depletion 


FIGURE 2. Incidence of elec- 
trolyte abnormalities among 
diuretic-treated patients with 
congestive heart failure. 
FFDS = fat-free dry solids; 

K = potassium; Mg = magne- 
sium; Na = sodium. (Adapted 
from Am J Med.?). 
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Oscillatory afterpotentials 
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FIGURE 1. Mechanism of electrolytes and digitalis-induced 
arrhythmias. (Adapted from Am J Med.) 


sium decreased during the period of deficiency and was 
not restored by potassium supplementation, but magne- 
sium repletion was linked to an increase in total ex- 
changeable potassium; and by Caddell and Olson,> in 
which potassium and magnesium depletion occurred con- 
currently in malnourished children.® 


MAGNESIUM: EFFECT ON HEART ACTIVITY 

Studies have also shown that magnesium ion influ- 
ences the activity of the heart’s function. Although its 
exact mechanism has not been established, it has been 
theorized that magnesium acts on sodium-potassium 
adenosine triphosphatase, and that a magnesium defi- 
ciency, through the action on sodium-potassium adeno- 
sine triphosphatase, leads to a cellular loss of potassium 
and an eventual decrease in intracellular potassium con- 
centration with a concurrent normal serum potassium 
value.°* 


BENEFICIAL EFFECT OF POTASSIUM AND 
MAGNESIUM IN ACHIEVING ADENOSINE 
TRIPHOSPHATASE ACTIVITY 

It has been shown that magnesium and potassium are 


required to achieve adenosine triphosphatase activity. Al- 
though potassium activates this enzyme, the activation 


*This mechanism has not been demonstrated in vivo. However, it 
has been shown in vivo that magnesium decreases the outflow of potassi- 
um from the cell. 


52% 
43% 
57% 
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TABLE I Potassium Replenishment: Detrimental Effect in 


Magnesium-Depleted Congestive Heart Failure 
Pt Population Before 


4.30 + 0.50 
39.2 + 5.73 NS 


Mg*tt /m(n=79) 

67 Mg depleted 
+ 12 normal 

Normal 4.18 + 0.66 

Mgt* /m(n= 12) 43.0 + 3.78 <0.02 

FFDS = fat-free dry solids; K = potassium; m = muscle (mmol /100 g FFDS); Mg = 


magnesium; NS = not significant; p! = plasma (mmol/liter). 
Adapted from Am J Med.? 


K/pl3.55 + 0.61 
K/m 40.5 + 4.74 


K /pl 3.33 + 0.61 
K /m 39.1 + 2.83 


occurs only in the presence of magnesium. Thus, replen- 
ishment with potassium alone has been shown to induce 
an increase in serum potassium, but not in muscle potassi- 


um. 


INFUSION STUDY CONFIRMS BENEFICIAL 
EFFECT OF MAGNESIUM 


When a group of patients received separate infusions 
of potassium and magnesium, the magnesium-infused 
group had significant increases in not only magnesium 
but also potassium. In addition, these increases occurred 
in both serum and muscle. But in the group receiving the 
potassium infusions, 2 different effects were observed: 
first, a significant increase in serum potassium, and sec- 
ond, a statistically significant decrease in muscle magne- 


sium and in muscle potassium. 


FAVORABLE EFFECT OF MAGNESIUM ON 
VENTRICULAR ECTOPY 


We also investigated the frequency of ventricular ec- 
topic beats in these same 2 groups of diuretic-treated, 
potassium- or magnesium-infused patients. Our study 
showed a significant increase in cellular potassium and a 
significant decrease in the frequency of ventricular ectop- 
ic beats among the magnesium-infused patient group 
only. In the potassium-infused group, no increase in cellu- 
lar potassium or change of frequency of ventricular ectop- 


ic beats was observed.*° 


POTASSIUM DEFICIENCY: INCREASED 
RISK OF SUDDEN DEATH 


Several studies involving diuretic-treated patients 
with CHF have shown an increased frequency of ventric- 
ular ectopic beats and this patient group has been shown 
to be at increased risk of sudden cardiac death. It has 
been speculated that the arrhythmias in these patients 
may be the result of a disturbance of the intracellular / 
extracellular potassium ratio secondary to magnesium 


deficiency caused by conventional diuretic therapy.° 
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DETRIMENTAL EFFECT OF 
POTASSIUM REPLENISHMENT 

We conducted a study of 79 diuretic-treated, hyper- 
tensive patients with CHF who were hypokalemic and 
most of whom had a cellular magnesium depletion. We 
obtained muscle biopsy specimens before and after potas- 
sium replenishment (Table I). 

Increased plasma potassium: The plasma potassium 
level increased from 3.55 to 4.30 mmol/liter. 

Unchanged muscle potassium: The muscle potassium 
level showed no significant change. Twelve of the 79 
patients had a normal muscle magnesium level, and in 
those 12 patients the potassium repletion resulted in a 
normalization of both serum and muscle potassium. 


RESULTS 

Incomplete potassium repletion: Our study results 
exemplified what typically occurs with potassium replen- 
ishment in patients with concomitant magnesium deple- 
tion, i.e., incomplete potassium repletion. 

Incomplete potassium repletion is believed to occur 
because of the increase in serum potassium, since it has 
been shown that a serum potassium increase as small as 
0.2 or 0.3 mmol/liter may induce an increase of aldoste- 
rone secretion by 50 to 100%, which in turn leads to an 
increased urinary loss of potassium and magnesium. ! 


CONCLUSIONS 

Deficiencies in potassium and magnesium in conjunc- 
tion with diuretic and digitalis therapy are associated 
with increased arrhythmias and increased mortality in 
patients with acute myocardial infarction. Magnesium 
replenishment is the key to potassium repletion. Mainte- 
nance of magnesium status is therefore essential in main- 
taining potassium status. Thus, a potassium/magnesium- 
sparing diuretic, such as spironolactone, is an appropriate 
therapy in patients with CHF at risk for potassium and 
magnesium deficiencies. 
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Role of Magnesium in Cardiac Tachyarrhythmias 


Lloyd T. Iseri, MD 


SLSR REEDS Se So COE one eine a A eae A 
The efficacy of magnesium therapy in patients with 


ventricular tachycardia has previously been report- 
ed. Recently completed and ongoing studies vali- 
date earlier observations that potassium and mag- 
nesium supplementation may control other cardiac 
arrhythmias, particularly in hypomagnesemic pa- 
tients. Magnesium treatment is a viable therapeutic 
option when other antiarrhythmic agents fail to 
suppress ventricular tachycardia, ventricular fibril- 
lation, multifocal atrial tachycardia, atrial fibrilla- 
tion and supraventricular tachycardia. 

(Am J Cardiol 1990;65:47K-50kK) 
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agnesium deficiency is associated with a num- 
M= of physiologic states such as inadequate di- 

etary magnesium intake, use of loop and thia- 
zide diuretics, digitalis toxicity, acute myocardial infarc- 
tion, alcoholism, gastrointestinal losses, diabetes and con- 
gestive heart failure.!-4 Clinical manifestations include 
several untoward cardiac effects (Table I).° Further- 
more, although the mechanisms remain unclear, a causal 
relation between decreased serum magnesium and cardi- 
ac arrhythmias has been documented.*’ This association 
has prompted investigators to examine the possible ef- 
fects of magnesium supplementation in patients with ar- 
rhythmias such as ventricular tachycardia (VT), ventric- 
ular fibrillation (VF), multifocal atrial tachycardia 
(MAT) and supraventricular tachycardia. Documented 
clinical data provide evidence that magnesium supple- 
mentation controls cardiac arrhythmias unresponsive to 
other therapy. 


MAGNESIUM AND VENTRICULAR 
TACHYCARDIA 

Both digoxin-induced tachyarrhythmias and those re 
sistant to digoxin therapy have been treated successfully 
with magnesium supplementation. We reported our ini- 
tial experience with magnesium infusion in patients with 
VT and VF in 1975.8 

Recently, magnesium sulfate (MgSO,) (2 g infused 
over | minute, followed by a 10-g infusion over 5 hours) 
controlled arrhythmic dysfunction in 12 patients with 
intractable VT and VF with clear documentation in 10 
Cases. 

VF and VT were present in 5 patients, VT alone in 4 
patients and VF alone in 1. In the patients with VT, 
torsades de pointes was observed consistently in 2 and 
intermittently in 3. Laboratory values revealed low serum 
magnesium levels in only 3 patients. Cardiac arrhythmias 
were refractory to treatment with lidocaine, bretylium, 
procainamide hydrochloride, phenytoin sodium, amioda- 
rone and mexiletine. Countershock treatment or over- 
drive pacing failed to control the tachyarrhythmia in 8 of 
these patients. 

Serum magnesium levels increased in direct relation 
to the rate of magnesium infusion. During the study, 
administration of magnesium, 20 mEq/hour for approxi- 
mately 5 hours increased serum values to supernormal (4 
mEq/liter) levels. Eleven of 12 patients converted to sinus 
or paced rhythm within 5 minutes of the 2-g infusion of 
magnesium. The following 3 cases of particular interest 
are highlighted. 

Case 1: A female patient with marked congestive 
heart failure due to coronary artery disease developed 
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TABLE I Hypomagnesemia-Induced Cardiac Effects 


Ventricular premature contractions and ventricular tachyarrhythmia 
Prolonged PR and QT intervals 

T-wave flattening 

Atrial fibrillation and supraventricular tachycardia 
Torsades de pointes 

Coronary artery spasm 

increased sensitivity to digitalis 

More extensive myocardial infarction 

Possibly increased sensitivity to ventricular fibrillation and sudden 
death in ischemic heart disease 


trocardiography showed a change in direction of VT, 
characteristic of torsades de pointes; however, the QT 
interval was not prolonged. Serum potassium was 4.7 
mEq/liter; serum magnesium, 1.9 mEq/liter; serum di- 
goxin, 1.4 ng/ml; and quinidine, 3.3 ug/ml. 

Initial treatment with lidocaine and bretylium failed 
to control the VT. Administration of magnesium as a 2-2 
bolus over 1 minute and 10 g over 5 hours succeeded in 
suppressing the VT. Continuous electrocardiographic 
(ECG) monitoring during drug infusion demonstrated a 
rapid and dramatic decrease in the number of ectopic 
beats. 

Case 2: A 50-year-old man who was admitted with 
mitral valve prolapse after ingestion of 100 digoxin tab- 
lets in a suicide attempt was experiencing periods of sinus 
arrest and atrioventricular block 4 hours later. ECG find- 
ings were sporadic occurrence of P waves with junctional 
escape beats. Complete heart block alternating with VF 
ensued. Serum digoxin was 20 ng/ml; potassium, 4.0 
mEq/liter; magnesium, 2.7 mEq/liter; and calcium, 8.6 
mg/dl. Despite intravenous administration of lidocaine 
and phenytoin, the patient had 18 episodes of VF which 
required countershock treatment. 

A dose of 12 g of magnesium raised serum magnesium 
to 3.9 mEq/liter and controlled VF. A transvenous pacer 
controlled the heart block. In this patient, magnesium 
infusion corrected the increase in serum potassium known 
to occur subsequent to massive digoxin poisoning.” Ini- 
tially, serum potassium increased from 4.0 to 4.8 mEq/ 
liter, and finally to 5.7 mEq/liter. After administration of 
magnesium, the potassium level decreased to 4.8 mEq/ 
liter. 

Case 3: A male patient with advanced coronary ar- 
tery disease had cardiac arrest 3 days before admission to 
the hospital. ECG monitoring demonstrated a series of 
polymorphic VT tracings resembling torsades de pointes, 
with a rate as frequent as 260 beats/min. Between epi- 
sodes, the QTc was 492 ms. VT was resistant to overdrive 
pacing and administration of lidocaine, amiodarone, ve- 
rapamil, atenolol and mexiletine. Baseline laboratory 
studies showed a normal serum magnesium level of 1.6 
mEq/liter. The VT episode disappeared after intravenous 
administration of magnesium. 

Monomorphic VT recurred at 48 and 84 hours, asso- 
ciated with a decrease in serum magnesium (1.2 to 1.3 
mEq /liter). Each episode was controlled with additional 
MgSO,. Although the patient received 37 g of MgSO, 
over 7 days, he remained hypomagnesemic, suggesting 
renal tubular injury that probably occurred during the 


48K THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 





initial cardiac arrest. The fractional excretion for magne- 
sium was 11% and retention of administered magnesium 
was only 28%. Considering his hypomagnesemic state, 
these values should have been <3% and >50%, respec- 
tively. 

Oral magnesium chloride, 2 tablets 3 times daily, and 
amiodarone controlled VT for 1 year, after which the 
patient had a fatal series of recurrent VT. 


MAGNESIUM AND MULTIFOCAL 
ATRIAL TACHYCARDIA 

Although MAT is usually associated with pulmonary 
insufficiency, it may also occur in cardiac failure. The 
rhythm is characterized by at least 3 different foci of 
pacemaker function in the atria, | of which may be the 
sinus node. The ventricular response is irregular, some- 
times mimicking atrial fibrillation. It is often misdiag- 
nosed, and excessive administration of digitalis may re- 
sult in toxicity, with resultant VT and VF. A prospective 
study!° evaluated efficacy of parenteral magnesium ther- 
apy in controlling MAT. 

Eight patients, 3 men and 5 women (aged 52 to 76 
years, mean 69) were enrolled in the study. Five patients 
had chronic obstructive pulmonary disease, 2 had conges- 
tive heart failure, and 1 had chronic brain syndrome with 
recurrent pneumonia. Diagnostic criteria for MAT in- 
cluded heart rate >100 beats/min, at least 2 separate 
ectopic pacemaker sites with abnormal P-wave contour in 
addition to the sinus node identifiable in the electrocar- 
diogram, and variability of RR, PP and PR intervals. 

Susceptibility to MAT may be enhanced by chronic 
depletion of magnesium and potassium, which can be 
caused by chronic respiratory failure with hypoxia, recur- 
rent use of diuretics, and use of gentamicin, among other 
factors. Six of the study enrollees received theophylline 
throughout the study, and 1 patient was given an infusion 
of dopamine at a constant rate over the course of the 
study. Five patients received furosemide 24 hours before 
study initiation; 2 received gentamicin. During the study, 
6 patients received digoxin therapy; however, none had 
elevated serum digoxin levels. No patient was oliguric or 
had renal failure. 

Persistent MAT was established in all patients after a 
2-hour observation period. Each patient was monitored 
constantly with electrocardiography and frequent arterial 
blood gas studies. Baseline electrocardiogram and serum 
potassium and magnesium levels were recorded. Intrave- 
nous magnesium (20% solution), 10 ml, was infused over 
1 minute, followed by 250 to 500 ml (2% solution) over 
the next 5 hours. One patient received 500 ml over a 10- 
hour period. Supplemental potassium was given to 3 pa- 
tients with low serum levels (<4 mEq/liter), and 3 other 
patients received potassium later when their serum levels 
decreased below 3.5 mEq/liter. At 2, 4, 8 and 16 hours 
after drug administration, a 20- to 30-second ECG 
rhythm strip was obtained. Ectopic atrial activity (abnor- 
mal P-wave contour) and ventricular rate (QRS com- 
plexes) were counted. 

During magnesium infusion, serum levels increased 
from an average of 1.64 mEq/liter toa maximal average 
of 3.49 mEgq/liter. After discontinuance of the infusion, 
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FIGURE 1. Ectopic atrial ac- 
tivity. Changes in frequency 
of ectopic atrial activity after 
magnesium and potassium 
infusion. Initials are those of 
individual patients. (Adapted 
from Am Heart J.1°) 
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the levels began to decrease, approaching normal within 
10 to 16 hours. Serum potassium levels, in the absence of 
supplementation, decreased significantly. This reduction 
was reversed with concomitant administration of potassi- 
um. 
In 7 of the 8 patients, conversion of MAT to sinus 
rhythm or sinus tachycardia occurred after infusion (F ig. 
1 and 2). In the remaining patient, ectopic atrial activity 
continued; however, ventricular rate was reduced to 87 
beats/min, indicating conversion from MAT to multifo- 
cal atrial rhythm. In all patients, atrial ectopy increased 
in frequency and the ventricular rate accelerated 6 to 12 
hours after administration of magnesium, suggesting that 
improvement in rhythm was not a coincidental event. 
The depletion of tissue magnesium could lead to de- 
creased cellular potassium; sodium and calcium are able 
to enter the cellular space, creating an ionic imbalance. !! 
Although magnesium’s mechanism of action is not clear- 
ly understood in controlling MAT, it is postulated that it 
acts as a natural calcium channel blocker.!? Infusion of 
magnesium may prevent spontaneous depolarization by 
blocking the entry of calcium, as well as preventing re- 
lease of free calcium within the atrial cell.5 


FIGURE 2. Ventricular rate. 
Effect of magnesium and po- 
tassium infusion on ventricu- 
lar rate in multifocal atrial 
tachycardia. m = mean; 

mg = magnesium. Initials are 
those of individual patients. 
(Adapted from Am Heart 
J.49) 
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The role of magnesium in supraventricular tachyar- 
rhythmia is imprecise. Supraventricular arrhythmia, not 
MAT, in 5 patients treated with magnesium, converted to 
sinus rhythm. Hypomagnesemia was present in 4 of the 5 
patients. Some unsuccessful results have been reported, 
which might indicate that a hypomagnesemic state re- 
quires a greater amount of magnesium to control tachy- 
arrhythmia or that other factors are operating. 


MAGNESIUM AND ATRIAL FIBRILLATION 

Digoxin treatment of atrial fibrillation appears to be 
impaired in the presence of magnesium deficiency.'3 Pre- 
liminary observations of an ongoing, double-blind study 
evaluating the effect of magnesium replacement on ven- 
tricular rate and atrial fibrillation indicate efficacy 
of magnesium supplementation in reducing ventricular 
rate and converting atrial fibrillation into normal sinus 
rhythm. 


CONCLUSIONS 

Results from these studies as well as others have more 
clearly defined the role of magnesium in cardiac arrhyth- 
mias. The following conclusion summarizes what is now 
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known about the influence of magnesium on arrhyth- 
mias. 

First, patients with cardiopulmonary disease, whether 
overtly symptomatic or asymptomatic, are highly suscep- 
tible to magnesium deficiency. Second, magnesium defi- 
ciency may be due to intrinsic cardiac/pulmonary disease 
and pulmonary insufficiency, may be iatrogenic (drug 
induced), or may be aggravated by physiologic disorders 
such as diabetes or alcoholism. Third, magnesium defi- 
ciency may not be revealed by low serum levels and may 
manifest itself with tachyarrhythmia without warning. 
Fourth, magnesium infusion in the absence of renal insuf- 
ficiency is safe and may be very effective in controlling 
intractable VT and VF whether the patient is hypomag- 
nesemic or normomagnesemic, or VT is monomorphic or 
polymorphic. Magnesium may be specific in torsades de 
pointes,!4 and it appears to be so for massive digoxin- 
intoxicated VT. Magnesium supplementation is highly 
effective for MAT or for supraventricular tachycardia, 
when it is associated with hypomagnesemia. '° 

The recommended dosage is 20% magnesium, 10 to 
15 ml infused over 1 minute, followed by 500 ml of 2% 
solution over 5 hours. Potassium chloride, 20 to 40 mEq, 
should be added if serum potassium is <4 mEq/liter. In 
addition, 500 ml of 2% magnesium may be given over 10 
hours in patients who are severely hypomagnesemic. 
Deep tendon reflexes, blood pressure, magnesium and 
potassium levels, and ECG tracing should be monitored 
during infusion. 
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In patients who require maintenance therapy, oral 
magnesium chloride can be given. Enteric-coated magne- 
sium chloride up to 32 mEq/day is well tolerated and 
may be effective in managing tachyarrhythmia. 
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Spironolactone in the Management of 
Congestive Heart Failure 


James E. Muller, MD 


Ne Bh C ER SA RS Sc E E 
Although many new drugs useful in the treatment 


of congestive heart failure have been introduced 
during the past 25 years, spironolactone continues 
to have an important role in the management of 
this condition. Spironolactone adds to the activity 
of the thiazide and loop diuretics to enhance the 
elimination of sodium and water. Furthermore, un- 
wanted electrolyte disturbances such as hypokale- 
mia and hypomagnesemia, associated with the ad- 
ministration of other classes of diuretics, can be 
minimized with spironolactone. 

(Am J Cardiol 1990;65:51K-53K) 
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ure (CHF) has traditionally involved the use of di- 

uretics, digitalis and (in recent years) a vasodilator, 
Diuretics promote the excretion of sodium and water, 
thereby relieving the circulatory congestion associated 
with CHF; digitalis is used to increase the inotropic state 
of the heart; and a vasodilator is usually added to the 
treatment regimen of patients with CHF to reduce the 
afterload of the heart. 

Although thiazide diuretics (such as hydrochlorothia- 
zide) and loop diuretics (such as furosemide) are initially 
effective, diuretic effects may be reduced after continued 
use. Furthermore, they may be associated with electro- 
lyte depletion (mainly potassium and magnesium), which 
can lead to hypokalemia and the potential for the genera- 
tion of arrhythmias with or without the presence of the 
cardiac glycosides. As more becomes known about these 
long-term, potentially arrhythmogenic effects, a potassi- 
um-sparing diuretic is frequently used in patients with 
CHF along with a thiazide or loop diuretic. Spironolac- 
tone (Aldactone®) is the best known potassium-sparing 
diuretic, and has acquired the longest record of proved 
clinical effectiveness and safety over 25 years. 


[tec of patients with congestive heart fail- 


MECHANISMS OF DIURETIC ACTION 

Potassium-sparing diuretics act in the distal and late 
distal convoluted tubules, and the cortical collecting tu- 
bules, which are major sites of potassium secretion. The 
distal convoluted tubule is also the site of action of aldo- 
sterone (Fig. 1). 

In contrast, thiazide diuretics and other agents with 
strong diuretic action block the reabsorption of sodium in 
the ascending section of the loop of Henle and the cortical 
segments of that portion of the nephron. Without potassi- 
um-sparing diuretic therapy, this action causes an excess 
sodium load to be delivered to the distal tubules and 
cortical collecting tubules. The result: increased sodium 
absorption in exchange for secreted potassium in these 
distal segments of the nephron and consequent increase in 
potassium secretion (Fig. 1). 

Because of the differing anatomic sites of action be- 
tween potassium-sparing diuretics vs thiazide or loop 
diuretics, a potassium-sparing diuretic may have an addi- 
tive effect if used in addition to a loop diuretic, or vice 
versa. 


PHYSIOLOGIC BENEFITS OF THE 
ALDOSTERONE ANTAGONIST 
SPIRONOLACTONE 

A potassium-sparing diuretic controls the reabsorp- 
tion of sodium in the distal segments and thereby inhibits 
potassium secretion. The aldosterone antagonist spirono- 
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lactone (Aldactone) modulates the action of aldosterone 
at the sodium-potassium exchange site of the distal con- 
voluted tubule. 

In the presence of spironolactone therapy, aldosterone 
molecules are preempted from aldosterone receptor-bind- 
ing sites. Through this potassium-sparing physiologic ac- 
tion, spironolactone has also been shown to block renal 
excretion of magnesium, and may therefore be useful in 
counteracting magnesium deficiency often seen in diuret- 
ic-treated patients.'~> 

Triamterene and amiloride, the other 2 potassium- 
sparing diuretics, are less potent than spironolactone, and 
therefore must almost always be combined with thiazide 
therapy to be clinically effective. Exactly how triamter- 
ene works is not clearly understood. It presumably causes 
a decrease in the transtubular potential difference, which 
promotes sodium excretion and blocks potassium secre- 
tion. Unlike spironolactone, neither triamterene nor amil- 
oride act by mineralocorticoid antagonism (i.e., aldoste- 
rone antagonism). Their overall effect is to block sodium 
hydrogen and sodium potassium exchange in the distal 
tubule.’ 

Of the 3 potassium-sparing diuretics, spironolactone 
closely mimics the chemical structure of aldosterone. 

The close chemical similarity of the aldosterone and 
spironolactone molecules helps to explain many of their 
interrelated effects, among them the competitive antago- 
nism of aldosterone by spironolactone. 

At the molecular level, aldosterone is thought to bind 
to a specific mineralocorticoid receptor present in the 
cytosol of the target cells, thus creating a physiologic 
advantage by which spironolactone is believed to compete 
with aldosterone for binding to this receptor. Other po- 
tassium-sparing agents lack this physiologic link to aldo- 
sterone. 

Without spironolactone’s physiologic advantage of 
modulating aldosterone binding, aldosterone-mediated 
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FIGURE 1. Mechanisms of diu- 
retic action. K = potassium; 
Mg = magnesium; Na = sodium. 


enhancement of potassium excretion may further exacer- 
bate diuretic-induced hypokalemia and hypomagnese- 
mia.° Aldosterone not only causes urinary loss of magne- 
sium, but also promotes urinary excretion of potassium.° 


BENEFICIAL EFFECT ON ELECTROLYTES 

Although much is known clinically about the dangers 
of diuretic-induced potassium depletion, there is an in- 
crease in published reports on the dangers of magnesium 
depletion as well. 

Dyckner and Wester’ concluded from their studies 
that normal doses of conventional diuretics result in a 25 
to 50% increase in urinary loss of magnesium. 

Because magnesium is needed for the transport of 
potassium into cells, potassium supplementation may be 
insufficient to replenish potassium stores in magnesium- 
deficient patients. Magnesium deficiency is thought to 
impair the activity of the key transport enzyme, adeno- 
sine triphosphatase, which governs the transport of potas- 
sium across cell membranes. Thus, the potassium- and 
magnesium-sparing diuretic spironolactone has several 
clinical benefits compared with other diuretics used in 
CHF. 

Long-term treatment with thiazide and loop diuretics 
may lead to: reduction in effective plasma volume, reflex 
activation of the renin-angiotensin-aldosterone system, a 
consequent increase in aldosterone secretion, sodium and 
water retention resulting from increased aldosterone, en- 
hancement of potassium excretion, exacerbation of diu- 
retic-induced hypokalemia and hypomagnesemia, hyper- 
uricemia, hyperglycemia, and adverse effects on serum 
lipids. 

These effects may be minimized by the concomitant 
use of spironolactone, since it is an aldosterone antago- 
nist. Spironolactone has been shown in clinical trials to 
minimize hypokalemia induced by diuretics in patients 
with CHF and hypertension. Spironolactone is also de- 





void of many undesirable metabolic effects associated 
with thiazide and loop diuretics, including changes in uric 
acid, glucose, insulin and serum lipids. 

Long-term spironolactone therapy has been shown to 
cause a minimal decrease in high-density lipoprotein con- 
centrations, although these remain within the normal 
range. Thus, spironolactone may be appropriate not only 
in patients with mild to moderate CHF , but as concomi- 
tant medication in those with gout, lipid disorders or 
diabetes.® 


DISCUSSION 

The potassium- and magnesium-sparing diuretic spi- 
ronolactone has some definite clinical benefits, including 
prevention of potentially dangerous hypokalemia without 
the use of potassium supplements, prevention of unrecog- 
nized magnesium deficiency, and the avoidance of the 
need for potassium supplements, which can be associated 
with several adverse effects, whether administered alone 
or concomitantly with a conventional diuretic or a potas- 
sium-sparing diuretic. 

By using spironolactone without potassium supple- 
ments or other potassium-sparing agents and avoiding its 
use in cases of renal failure, it can be used with clinica] 
safety.” 

Angiotensin-converting enzyme (ACE) inhibitors are 
now widely used for the treatment of CHF. Because an 
ACE inhibitor by itself can raise potassium levels, a po- 
tassium-sparing diuretic or salt substitute should not be 
used with an ACE inhibitor because the combination 
increases the risk of life-threatening hyperkalemia. Be- 
cause ACE inhibitors block aldosterone increases, it 
would be expected that spironolactone would be of mini- 
mal value in patients receiving these agents. For this 





reason, the combination of potassium supplements and 
ACE inhibitors should also be avoided. This includes salt 
substitutes, some of which have a high potassium content. 

Spironolactone’s use is of particular importance in 
patients with CHF receiving thiazide or loop diuretics. In 
these patients, potassium and magnesium deficiencies 
have been associated with cardiac arrhythmias, increased 
ventricular ectopic beats, and risk of sudden death. Thus, 
prompt treatment of potassium and magnesium deficien- 
cies is called for, to replenish both of these electrolytes, 
and thereby decrease the potential for these occurrences. 
Because serum levels may not actually reflect the extent 
of magnesium and potassium depletion, there are advan- 
tages to preventing depletion of both potassium and mag- 
nesium with a potassium/ magnesium-sparing diuretic, 
i.e., spironolactone. 78 
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“Silent” Heart Failure as Observed by 
a French Cardiologist 
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As the precursor of overt heart failure, with its 
grim prognosis, ‘‘silent’’ heart failure is a concept 
that bears examination. The pathophysiology of 
congestive heart failure and the mechanisms of the 
impact of hypertension on the development of left 
ventricular hypertrophy, and silent and overt heart 
failure are investigated. In addition, the reasons 
why diuretics, especially potassium-sparing diu- 
retics such as spironolactone, remain the most ef- 
fective treatment of mild congestive heart failure, 
and their role in preventing the evolution of silent to 
overt heart failure are explained. 
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medical term but it is a term used to connote 

a potentially hazardous medical condition. It 
is the precursor of overt heart failure. Overt heart failure, 
once established, tends to become progressive with a very 
grim prognosis. 


GG ; ilent” heart failure is not a commonly used 


CONCEPT OF “SILENT HEART FAILURE” 

Silent heart failure is the most common form of heart 
failure representing the early form of congestive heart 
failure (CHF). It is characterized by left ventricular hy- 
pertrophy (LVH) and some hemodynamic deficits, but at 
this point in time, exercise tolerance is not decreased and 
the patient is asymptomatic. 

It is appreciated now that hypertension, untreated or 
uncontrolled, in a progression that will be described later, 
will sooner or later lead to heart failure, and so can be 
viewed as one of the precursors of heart failure. In this 
sense, hypertension itself could be viewed as having the 
potential to cause silent heart failure. The concept of 
silent heart failure that I am advancing is at the same 
stage today that the now-accepted concept of silent myo- 
cardial ischemia was a few years ago. Just as the recogni- 
tion of silent myocardial ischemia and its identification 
are now helping to reduce the rate of myocardial infarc- 
tion and sudden death, we should work toward a recogni- 
tion and treatment of silent heart failure to prevent its 
progression to overt CHF with its attendant poor progno- 
sis, namely, a 62% probability of death within 5 years of 
its first appearance in men with or without coronary heart 
disease. 

By now, the clinical progression of CHF through its 
various stages is well known, as are the pathophysiologic 
processes of CHF. There are various therapeutic ways to 
intervene in these processes, and to slow down or halt the 
progression of CHF, but if possible, it would seem that 
intervention at the silent stage, i.e., preventing rather 
than treating, would have many benefits—clinical, eco- 
nomic and social. The rational use of diuretics is an older 
approach in treating patients with CHF, and diuretics, 
particularly potassium-sparing diuretics such as spirono- 
lactone, either alone or in combination, are not only the 
most effective treatment of early CHF, but also can best 
assist in limiting the deadly progression of silent heart 
failure to overt heart failure. 


INTERRELATION OF HYPERTENSION AND 
CONGESTIVE HEART FAILURE 

Because a large proportion of patients with CHF have 
a history of hypertension, and because hypertension is 
known to predispose to heart failure, there is a definite 
possibility of some early form of silent heart failure in 











hypertensive patients, especially when the hypertension 
has been present for some time. In the Framingham 
Study, 75% of those who developed CHF during a 16- 
year observation period had prior hypertension. ! 

Hypertension and the heart are inextricably interre- 
lated. On the one hand, the heart’s contractile force sup- 
plies the energy that creates the blood pressure. On the 
other hand, in patients with chronic hypertension, LVH 
develops as a compensatory mechanism to maintain the 
heart’s pumping function against increased systemic arte- 
rial pressure. Later, however, the hypertrophy can no 
longer keep pace with the overload, and significant left 
ventricular (LV) dysfunction occurs. LV dysfunction ul- 
timately leads to heart failure, CHF making its appear- 
ance when the heart is no longer able to propel the blood 
foward normally (decreased cardiac output) in appropri- 
ate response to tissue needs. This decreased cardiac out- 
put then results in congestion in the pulmonary or system- 
ic circulation, or both. 

The Framingham Study has demonstrated that the 
risk of LVH increases with increasing levels of blood 
pressure, in both men and women. In fact, there is a 
restructuring of LV geometry that begins at so-called 
“normal” blood pressure levels, i.e., below 140 mm Hg 
systolic. Even in normotensives, LV mass increases with 
age. Arterial hypertension accelerates these changes, 
eventually leading to LVH, heart failure and CHF. 


PATHOPHYSIOLOGIC PROCESSSES IN 
CONGESTIVE HEART FAILURE 

In heart failure, blood flow and blood pressure to the 
organs are compromised. To maintain arterial pressure at 
a level as close as possible to normal and to preserve 
normal coronary and cerebral blood flow, the sympathet- 
ic nervous system is activated, leading to enhanced re- 
lease of norepinephrine, which stimulates both a- and 8- 
adrenergic receptors. 

The stimulation of 6 receptors in the myocardium 
Causes an increase in heart rate and myocardial contrac- 
tility. However, this stimulation is limited by the fact that 
heart rate cannot be increased too much without affect- 
ing ventricular filling. The stimulation of myocardial 8 
receptors results in a desensitization of these receptors, 
which then become less and less responsive to increased 
levels of circulating catecholamines. Thus, higher levels 
of circulating catecholamines result in less effective 8 
stimulation. 

The stimulation of the a receptors leads to arteriolar 
vasoconstriction, which is unevenly distributed, depend- 
ing on the number and sensitivity of a receptors in a given 
organ. For instance, blood flow to the skin and muscles, 
which are amply provided with a receptors, is decreased. 
On the other hand, the myocardium, the brain and respi- 
ratory muscles are only slightly affected by this noradre- 
nergic a stimulation. In the kidneys, the arterial blood 
flow is directed toward the nephrons with the best filtra- 
tion capacity, but these nephrons are also those with the 
best sodium-retaining capacity. 

The stimulation of venous a receptors leads to venous 
constriction that results in an increase in venous return 
and intrathoracic blood volume. The stimulation of 8 





receptors in the juxtaglomerular apparatus participates 
in the activation of the renin-angiotensin-aldosterone sys- 
tem: renin secretion is activated both by catecholaminer- 
gic stimulation, and by the decrease in perfusion pressure 
(blood flow) sensed by the afferent arterioles. 

Enhanced renin release leads to the increased forma- 
tion of angiotensin II, a potent vasoconstrictor, which acts 
synergistically with the noradrenergic nervous system. In 
one way, angiotensin II reinforces the vasoconstriction in 
the arteriolar areas already vasoconstricted and, in the 
other, it centrally activates the sympathetic nervous sys- 
tem, thus increasing the concentration of circulating cate- 
cholamines. Angiotensin II stimulates increased aldoste- 
rone production and release, leading to an increased rate 
of reabsorption of sodium at the distal tubules, and to 
increased potassium/magnesium excretion, resulting in 
sodium retention, potassium depletion, hypokalemia and 
hypomagnesemia. Sodium retention increases circulating 
blood volume and contributes to intrathoracic congestion. 
Sodium retention, along with the increase in filling pres- 
sure, is the cause of the pulmonary or peripheral edema 
seen in heart failure. 

As a result, although arterial pressure and blood flow 
to the myocardium and the brain are adequately main- 
tained (in mild heart failure), this results in decreased 
blood flow (and thus, reduced perfusion of some organs); 
as mentioned previously, the numerous a receptors in the 
skin are stimulated by the norepinephrine secreted in 
response to the activation of the sympathetic nervous 
system brought about by the decreased perfusion of vital 
organs, and the blood flow in the muscles and skin is thus 
decreased in favor of maintaining flow to the brain and 
heart—thus, the cold skin and progressive worsening of 
exercise tolerance. Two vicious cycles ensue for main- 
taining adequate perfusion of the myocardium and the 
brain: (1) vasoconstriction (leading to water and sodium 
retention), and (2) increase in LV systolic and diastolic 
load. 

Vasoconstriction and water/sodium retention—the 
first vicious cycle in heart failure: The vasoconstrictor 
systems are antinatriuretic. Their function is to combat 
acute or prolonged decreases in blood pressure with the 
aid of a short-term weapon, vasoconstriction, and a long- 
term weapon, water and sodium retention. 

Vasoconstriction leads to a water/sodium retention. 
The intrarenal hemodynamics in heart failure are dis- 
turbed in such a manner that it is those nephrons best able 
to retain sodium that unfortunately are preferentially 
perfused. 

Aldosterone completes this antinatriuretic phenome- 
non. This is why one of the clearest clinical signs of 
cardiac failure is a decrease in natriuresis in response to a 
sodium load. 

Sodium retention in turn potentiates the vasoconstric- 
tion: The capacity of smooth-muscle cells to react to 
vasoconstricting stimuli is related to intracellular calcium 
concentration, which is itself partly dependent on intra- 
cellular sodium concentration via a membrane sodium- 
calcium exchange mechanism. Thus, sodium retention is 
accompanied by an increase in the reactivity of smooth 
muscle cells to vasoconstrictor stimuli. 
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This is the first vicious cycle: The vasoconstriction 
needed to preserve blood flow to the brain and myocardi- 
um leads to sodium retention by maintaining adequate 
blood flow in the sodium-retaining nephrons. This sodium 
retention increases the reactivity of the smooth muscle 
cells to vasoconstriction stimuli, thus to increased vaso- 
constriction. 

Increase in left ventricular systolic and diastolic 
load—the second vicious cycle in heart failure: This 
second vicious cycle originates in the first one. The in- 
crease in total peripheral resistance helps maintain arteri- 
al pressure but increases the afterload, causing the left 
ventricle to work harder. Venous constriction and sodium 
retention increase venous return and thoracic blood vol- 
ume. This is a beneficial effect as long as the increase in 
cardiac filling pressure is accompanied by an increase in 
ventricular ejection fraction (Starling mechanism). Be- 
yond a certain pressure, however, this mechanism is no 
longer effective. But regardless of the effectiveness of this 
adaptation mechanism, it causes an increase in intraven- 
tricular diastolic pressure, and thus an increase in diastol- 
ic work load. 

Thus, these mechanisms that work to compensate for 
the failing heart can end up increasing the cardiac work 
load, which is the second vicious cycle. 


TREATMENT OF CONGESTIVE 
HEART FAILURE 

Mild CHF can be treated by breaking either of these 2 
vicious cycles, the vasoconstriction /sodium retention /va- 
soconstriction cycle or the increase in LV systolic and 
diastolic pressures that increase the work load of the 
failing heart. 

The effectiveness of diuretics in the treatment of CHF 
js so well known that they may sometimes be forgotten 
because newer forms of treatment, such as angiotensin- 
converting enzyme (ACE) inhibitors, e.g., appear more 
sophisticated. But this takes an overly simplified view of 
the mechanism of action of diuretics in CHF. 

By reducing circulating blood volume, diuretics allevi- 
ate the symptoms of heart failure, especially the edema 
and the congestion. Diuretics, by inducing acute volume 
depletion, activate the renin-angiotensin-aldosterone sys- 
tem, and this enhanced effect of aldosterone on the distal 
tubule needs to be blocked. This can be achieved by 
combining loop diuretics (such as furosemide) and potas- 
sium-retaining agents (such as spironolactone). When 
administered concomitantly with a thiazide diuretic or 
furosemide, spironolactone has an additive natriuretic 
effect resulting in greater sodium and water excretion 
with the combination than when either is administered 
alone. In addition, and most important, spironolactone 
reverses the potassium/magnesium depletion frequently 
associated with diuretic therapy. 

Diuretics historically were the first treatment for 
CHF, but over the last 15 to 20 years, nitrates, vasodila- 
tors, a-receptor blockers and ACE inhibitors, by different 
pathways, have all been shown to improve cardiac hemo- 
dynamics, alleviate the symptoms of heart failure, and 
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especially improve exercise tolerance, at least in the short 
to medium term. 

Vasodilators, although quite effective, have to be used 
cautiously because of their adverse effects, and although 
diuretics remain by and large the drug of choice for mild 
CHF, they are themselves not devoid of adverse effects. 
In addition to promoting sodium excretion, they promote 
potassium excretion, leading to hypokalemia in 50% of 
the cases.? Because diuretic-induced potassium depletion 
is often accompanied by hypomagnesemia, the treatment 
of hypokalemia is not always a simple matter of replacing 
potassium losses. In addition, low serum potassium levels 
do not necessarily reflect the true extent of the problem, 
which is reduced intracellular potassium and magnesium 
levels that are difficult to detect. These set the stage for 
arrhythmias that are especially hazardous given the al- 
ready compromised cardiac function of the patient with 
CHF. Recent studies have shown that most patients with 
CHF die suddenly and that the most likely cause is ven- 
tricular tachyarrhythmia. The British Medical Research 
Council Trial demonstrated a clear-cut relation between 
the development of hypokalemia and ventricular extra- 
systoles in a subset of patients receiving long-term diuret- 
ic therapy. In addition, significant correlations have been 
found between frequency of ventricular premature con- 
tractions and low levels of plasma potassium and magne- 
sium.* 

Thus, given the fact that potassium depletion may be 
refractory to repletion, rather than trying to correct a 
deficiency, it would be much easier to avoid the deficiency 
in the first place, by using potassium-sparing diuretics 
such as spironolactone. In some European countries, po- 
tassium supplements are used sparingly. In France, spi- 
ronolactone, either alone or in combination with furose- 
mide or a thiazide, is the most widely used diuretic. 

My discussion on diuretics has emphasized their pre- 
eminent role in managing patients with silent heart fail- 
ure and in managing patients with mild to moderate 
degrees of CHF. In patients with advanced CHF, a judi- 
cious trial of high doses of diuretics and low doses of ACE 
inhibitors can be undertaken. 

The success of diuretics in the treatment of CHF 
validates those concepts developed earlier; neuroendo- 
crine adaptation eventually becomes neuroendocrine dis- 
turbance, worsening the heart failure. We can act on the 
vasoconstrictor mechanisms and we can stimulate vasodi- 
lator systems, so that treatment of cardiac failure by 
decreasing the work load of the left ventricle is an abso- 
lute necessity. 

One way of preventing the progression of silent to 
overt CHF is early intervention, which means early diag- 
nosis. Recently, echocardiography and thallium-201 per- 
fusion imaging have become widely used techniques for 
the detection and diagnosis of cardiovascular disorders. 
They have the advantage of being noninvasive and show 
very clearly any changes in LV structure and function. 
Thus, these techniques can assist in detecting heart fail- 
ure long before it becomes clinically overt, allowing ther- 
apeutic intervention before damage to the heart becomes 





















widespread and perhaps irreversible. When heart failure 
is detected early, i.e., when still in its silent stage, a ratio- 
nal basis for diuretic intervention exists, with the poten- 
tial for limiting progression to more severe stages of 
CHF. | 

Because it is clear that hypertension, especially in the 
long term, may well lead to LVH and hence to CHF, it 
can be legitimately viewed to some extent as an important 
precursor of heart failure. If not adequately controlled, it 
will almost certainly eventually result in heart failure. So, 
although routine echocardiography or radionuclide imag- 
ing of patients with hypertension of several years’ dura- 
tion, in the absence of clinical signs of heart failure, may 
seem expensive, it is still considerably less expensive than 
treating the decompensated heart later. 


CONCLUSION 
Diuretics are still the best prevention: Primarily, hy- 
pertension should be prevented from progressing to heart 


failure. Because many antihypertensive agents have di- 
rect and indirect effects on the heart’s function and struc- 
ture, diuretics are still the first line of therapy for hyper- 
tension. However, although they are extremely effective 
in hypertension, their effect on serum electrolytes means 
that they have the potential of leading to hypokalemia 
and hypomagnesemia. The use of a potassium- and mag- 
nesium-sparing diuretic, such as spironolactone, is a reli- 
able and effective safeguard. 
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